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Nucleic acid amplication using single primer. 



© A method is disclosed for determining the presence of a polynucleotide anaiyte in a sample suspected of 
containing the anaiyte. The method comprises (a) forming as a resuit of the presence of an anaiyte a singie 
stranded polynucleotide comprising a target polynucleotide binding seauence flanked by first ana second 
polynucleotide sequences that differ from the sequence of the anaiyte or a sequence complementary to the 
anaiyte sequence, (b) forming multiple copies of the single stranded polynucleotide, and (c) detecting the singie 
^stranded polynucleotide. Also aisclosed is a method of producing at least one copy of a singie stranded 
^polynucleotide. The method comprises (a) forming in the presence of nucleoside triphosphates and template 
£g dependent polynucleotide polymerase an extension or a polynucleotide primer at least the 3 -end of which has at 
CO least a 10 base sequence hybridizable with a second sequence flanking the 3 -end of the singie stranded 
^polynucleotide, the second sequence being paniaily or fully complementary with at least a 10 base first 
|N» sequence flanking the 5 end of the single stranded polynucleotide, (b) dissociating the extended polynucleotide 
CO primer and the single stranded polynucleotide, (c) repeating step a and (d) dissociating the extended poly- 
q nucleotide primer and the copy of the single stranded polynucleotide. 
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NUCLEIC ACID AMPLIFICATION USING SINGLE PRIMER 



Nucleic acid hybridization has been employed for investigating the identity and establishing the 
presence of nucleic acids. Hybridization is based on complementary base pairing. When complementary 
singie stranded nucleic acids are incubated together, the complementary base sequences pair to form 
double stranced hybrid molecules. Tne ability of single stranded deoxyribonucleic acid (ssDNA) or 
5 ribonucleic acid (RNA) to form a hyarogen bonded structure with a complementary nucleic acid sequence 
has been employed as an analytical tool in moiecuiar biology research. Tne availability of radioactive 
nucleoside tripnosphates of hign specific activity and the 32 P labelling of ONA with T4 kinase has made it 
possible to icentify. isolate, and characterize various nucleic acid sequences of biological interest. Nucleic 
acid hybridization has great potential in diagnosing disease states associated with unique nucieic acid 
to sequences. These unique nucleic acid sequences may result from genetic or environmental change in DNA 
by insertions, deietions, point mutations, or by acquiring foreign DNA or RNA by means of infection by 
bacteria, molds, fungi, and viruses. Nucieic acid hybridization has, until now, been employed primarily in 
academic and industrial moiecuiar biology laboratories. The aopiication of nucietc acid hybridization as a 
diagnostic tool in clinical medicine is limited because of the frequently very low concentrations of disease 

is related ONA or RNA present in a patient's body fluid and the unavailability of a sufficiently sensitive method 
of nucleic acid hybridization analysis. 

Current methods for detectinc soecific nucleic acid seauences aenerally involve immobilization of the 
taraet nucieic acid on a solid support such as nitrocellulose pacer, cellulose pacer, diazotized paper, or a 
nylon membrane. After the target nucieic acid is fixed on the support, the support is contacted with a 

20 suitably labelled probe nucieic acid for about two to forty-eight hours. After the above time period, the solid 
supoort is wasned several times at a controlled temperature to remove unhybridized probe. Tne support is 
then dried and the hybriaized material is detected by autoradiography or by spectrometnc methods. 

When very lew concentrations must be detected, the current methods are slow and labor intensive, and 
nontsotcpic labels that are less readily Getected than radioiaoeis are frequently not suitable. A method for 

25 increasing the sensitivity to permit the use of simple, rapid, nonisotopic, homogeneous or heterogeneous 
methods for detecting nucieic acid sequences is therefore desirable. 

Recently, a method for the enzymatic amplification of sceciftc segments of DNA known as the 
polymerase chain reaction (PCR) method has been described. Tnis in vitro amplification procedure is based 
on repeated cycles of aenaturation, oligonucleotide primer annealing, ana primer extension by thermophilic 

20 polymerase, resulting in the exponential increase in copies of the region flanked by the primers. The PCR 
primers, whicn anneal to opposite strands of the DNA, are positioned so that the polymerase catalyzed 
extension product of one primer can serve as a template strand for the other, leading to the accumulation of 
a discrete fragment wnose length is defined by the distance between the 5 ends of the oligonucleotide 
primers. 

as A process for amplifying, detecting and/or cloning nucieic acid sequences is disclosed in U.S. Patent 
Nos. 4.663.195 and 4,663,202. Sequence polymerization by polymerase chain reaction- is described by 
Saiki, et al„ (1986) Science. 230: 1350-1254. A method of making an oligonucleotide is described in 
EuropeTn "Parent Application NoToi 94545 A2. Belgian Patent Application No.'SE 904402 discloses a mold 
for making DNA detection probes. Gene amplification in eukaryotic ceils is disclosed in U.S. Patent No. 

40 4,553.134. 

Langer, et a!.. Proc. Natl. Acad. Sci. USA, (1981) 78: 6633-6637 discloses the enzymatic synthesis of 
biotin labelled poivnucieotices and the use of these materials as novel nucleic acid affinity probes. The 
detection of viral genomes in cultured cells and paraffin imbedded tissue sections using biotin labelled 
hybridization probes is discussed by Brigati. et al.. virology . (1983) 126: 32-50. U.S. Patent No. 4.486.539 

<s discloses the detection of microbial nucleic aads by a one step sandwich hybridization test Sensitive tests 
for malignancies based on DNA detection is described in U.S. Patent Na 4,490.472. U.S. Patent No. 
4 480.040 discloses the sensitive and rapid diagnosis of plant viroid diseases and viruses employing 
radioactively labelled DNA that is complementary to the viroid or to the nucleic acid of the virus being 
diagnosed. Eurooean Patent Aopiication 831061 12.2 (Priority U.S. Patent Application 391.440 filed June 23 

so 1982) teaches modified Celled nucleotides and polynucleotides and methods of preparing, utilizing <md 
detecting the same. Methods and compositions fcr the defection and determination of cellular DNA are 
disclosed in U.S. Patent No. 4,4 2 3.153. Specific DNA probes in diagnostic microbiology are discussed in 
U S. Patent No. 4,358.535. A method for detection of polymorphic restriction sites and nucleic acid 
sequences is discussed in Eurooean Patent Application No. 0164054 Ai. U.S. Patent No. 4,6o3,283 
describes a method of altering double-stranded DNA. 



Primer-directed enzymatic amplification of ON A with a thermostable QNA polymerase is described by~Saiki, 
t et aL Science (193S) 239:437. U.S. Patent No. 4,724.202 discloses the use of non-hybridizabie nucleic 

? " acicl for trie c erection or nucieic aclc hybridization. Bugawan. et al.. describe the use of non-radioactive 

s oligonucleotide prooes to analyse enzymatically amplified DNA far prenatai diagnosis and forensic HL- 
typing. 

Detection and isolation of homologous, repeated and amplified nucleic acid sequences is disclosed in 
. """\ U.S. Patent No. 4.573.283. A single stranded self-hybridizing nucleic acid probe capable of repeatedly 

hybridizing to itself or other nucleic acids to form an amplified entity is described in U.S. Patent Application 
to No. 883.053 filed 22.7.36 (US 6,3c3.Q53-A) .U.S. Patent Nos. 4,633.195 and 4,533.202 disclose a- homo- 
geneous polynucleotide displacement assay with digestion of the displaced RNA single strand poly- 
nucleotide from the reagent complex and amplifying nucleic acid sequences with treatment of separate 
complementary strancs of the nucleic acid with two oftgonuciactide primers. European Patent Application 
No. 02CG352 describes a process for amplifying, detecting or cicning nucleic acid sequences and useful in 
75 disease diagnosis and in preparation of transformation vectors. A method for simple analysis of relative 
nucleic ac:d levels in multiple small samples by cytoplasmic cot hybridization is described in U.S. Patent 
No. 4,577,054. A hybridization method of detecting nucieic acid sequences with a probe containing a 
thionuc!ec;ice is described in U.S. Patent No. 4,547,529. 

A simple and efficient enzymatic method for covalent attachment of DNA to celiuiose and its application 
ZQ for hybricizaiion-restriciion analysis and for in vitro synthesis of ONA grebes is described in Nucieic Acids 
Research (1986) 14: 9171-9191. Cleavage" or smgie stranded oligonucleotides by Ecc Rl rssiT\c::ori 
enccnuciease is described in Nucieic Acid Research (1937) J_5: 7G9-71S, 

Exponential Amplification of Reccmoinam-RiNA Hybridizaticn Prcces is described by lizard, et aL * 
(1958) 3io/Tecnnolocy 6: n 97-1 202. Fahriander, et aL discusses Amplifying DNA Probe Signals: A 
25 Christmas Tree Approach in Bio/Technology (1938) 6;i 165-H63. 

A nucieic acid hybridization assay employing probes cross-linkable to target sequences is describee m 
U.S. Patent No. 4,599.303. The metned involves the preparation of a specific singie stranded ribonucleic 
acid or deoxyribonucleic acid molecule into which a bifuncttonai cross-linking molecule has been covaientiy 
incorporated. The incorporation is such that the cross-linking molecule retains the capacity to undergo a 
ao second reaction v/ith the nucieic acid of the oacterial, viral, or mammalian chromosome, which is the target 
far the prcoe such as to form a covaient cress link. Following cross-linking, the uncrcssec link prcce :s 
seoaratec frcm covaientiy cross-linked prooe-:arget complex using one of several procedures whicn 
} cifferentiate between single stranded probe and double stranded covaientiy linked proce-target complex. 

D e— *:cn cf tarcet seouences in nucieic acids by hybridization using diagnostic and contiguous prooes 
35 for diagnosis of genetic abnormality diseases, especially in an automated procedure, is described -n 
Eurocean Patent Aociicatton No. 0 185 49^A2. In the method a sample is hycricized witn a prcce 
comoiementary to a ciacnostic oortion of the target secuence (the ciagnostic probe) and with a prcce 
complementary to a nucieottce secuence contiguous with the diagnostic portion (the contiguous proce) 
under concitions wherein the diagnostic probe remains bound substantially only to the sample nucieic ac:c 
containing the tarce: seouence. The diagnostic probe and contiguous prcce are then covaientiy aaacnea to 
yield a target orobe that is comciementar/ to the target sequence and the probes which are not anacnec 
are removed. In a creferred mode, one of the probes is labeled so that the presence or absence or the 
target sequence can then be testea by meiting the sample nucleic acid target probe duplex, eiuting the 
dissociated tarcet orobe, and testing for the label. _ 
The aoove^ method surfers at feast one cisadvantage in that contiguous sequences are recuirec. »c 
carry out the method, one must identify the diagnostic sequence and the contiguous sequence and create 
diagnostic and contiguous orobes complementary to the above sequences. If the diagnostic and contiguous 
sequences are not identified precisely, then the diagnostic and contiguous probes may not hycnciz- 
.sufficiently and the assay specificity and sensitivity can be lost or substantially oecreased. 
sJT The invention disclosed herein includes methods and reagents for producing multiple copies or a s-ngl- 
J stranded polynucleotide wherein a single polynucleotide primer is employed. As a result. Oie numoer or 
reagents and assay steps is decreased over known methods. nrn Hnr*d 

in one embodiment of the invention, at least one copy of a single 
by a method which comprises; (a) forming in the presence of nucieos.de 
55 deoenoent poivnucieoude polymerase *ong the single stranded polynucleotide an [^«« a po y 
nudeooce primer at least the 3-enc of which has at least a 10 base secuence ^^^^^ 
flanking seouence at the 3 -end of the single stranded polynucleotide, the ^ M «™^J^£ 
partially or fully complementary with at least a 10 base first flanking sequence at the 5 -end or *e s.ng.e 
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stranded polynucleotide, (b) dissociating the extended polynucleotide primer and the single stranded 
polynucleotide, and (c) repeating step (a). 

Another aspect of the invention involves a method of producing multiple ccDies of a polynucleotide 
sequence. The method comprises providing in combination (1) a single stranded polynucleotide having the 

5 polynucleotide sequence and being flanked at each end by partially or fully complementary first and second 
flanking sequences. (2) a polynucleotide primer at least a 10 base portion of which at its 3-end is 
hybridizabie to that member of the first and second flanking sequences that is at the 3-end of the single 
stranded polynucleotide, (3) nucleoside triphosphates, and (4) template dependent polynucleotide poly- 
merase. The ccmcinaticn is incubated under conditions for either wholly or partially sequentially or 

to concomitantly (1) dissociating the singie stranded polynucleotide from any complementary sequence with 
which it is hybridized, (2) hybridizing the polynucleotide primer with the fianking sequence at the 3-end of 
the singie stranded polynucleotide, (3) extending the polynucleotide primer along the singie stranded 
polynucleotide to provide a first extended polynucleotide primer, (4) dissociating the first extended 
polynucleotide primer and the singie stranded polynucleotide, (5) hybridizing the first extended poly- 

75 nucleotide primer with the polynucleotide primer, (6) extending the polynucleotide primer along the first 
extended polynucleotide primer to provide a second extended polynucleotide primer. (7) dissociating the 
second extended polynucleotide primer from the first extended polynucleotide primer, and (8) repeating 
steps (5)-(7). . 

Another embodiment concerns a method of producing multiple copies of a polynucleotide sequence in 
20 a polynucleotide wherein the sequence is flanked at each end by a different member of a pair of flanKing 
sequences that are partially or fully complementary to each other. The method comprises (a) combining the 
polynucleotide with a singie polynucleotide primer having at least a terminal sequence at its 3 -end at least 
partially complementary to and hybridizabie with at least a portion of the member of the pair of flanking 
sequences at the 3 -end of the polynucleotide sequence, nucleoside triphosphates, and template dependent 
25 polynucleotide polymerase. Tne combination is incubated under conditions for either wholly or partially 
sequentially or concomitantly (1) dissociating the polynucleotide sequence from any sequence with which it 
is hybridized to provide a single stranded polynucleotide, (2) hybridizing the polynucleotide primer with the 
fianking sequence at the 3' -end of the singie stranded polynucleotide, (3) extending the polynucleotide 
primer along the single stranded polynucleotide to provide an extended polynucleotide primer (4) disscciat- 
30 ing the first extended polynucleotide primer and the single stranded polynucleotide. (5) hybricizing the first 
extended polynucleotide primer with the polynucleotide primer, (6) extending the polynucleotide primer 
along the first extended polynucleotide primer to provide a second extended polynucleotide primer. (7) 
dissociating the second extended primer from the first extended polynucleotide primer, and (8) repeating 
steps (5)-(7) above. 

-5 The above methods have application in facilitating the determination of the presence of a polynucleotide 
analyte in a sample suspected of containing such polynucleotide anaiyte. The target polynucleotide 
sequence can be DNA or RNA. 

In one embodiment of this aspect of the invention the method comprises (a) forming as a result of the 
presence of an analyte a single stranded polynucleotide flanked by complementary firs: and second 
o flanking sequences, (b) forming multiple copies of the singie stranded polynucleotide and the flanking 
sequences, and (c) detecting the single stranded polynucleotide. Any method for detecting specific nucleic 
acids or polynucleotides can be used. Multiple copies of the singie stranded polynucleotide can be made 
by, for example, any of the aforementioned methods. 
Step (a) above may comprise the steps of: 
3 (i) forming in the presence of nucleoside triphosphates and template dependent polynucleotide 

polymerase along a first single stranded polynucleotide an extension of said analyte or a fragment thereof 
(extended polynucleotide anaiyte) to form double-stranded polynucleotide 1 . 

(ii) dissociating singLe stranded extended polynucleotide anaiyte from said polynucleotide 1. 

(iii) forming in the presence of nucleoside triphosphates and template dependent pclynucieoside 
> polymerase along said single stranded extended polynucleotide analyte an extension of a first poly- 
nucleotide primer at least the 3'-end of which has at least a 10 base sequence hybridizabie with at least a 
portion of said single stranded extended polynucleotide anaiyte to form double stranded polynucleotide 2, 

(iv) dissociating single stranded extended first polynucleotide primer from said polynucleotide 2, 

(v) forming in the presence of nucleoside triphosphates and template dependent polynucleotide 
polymerase along a second polynucleotide primer an extension of said single stranded extended first 
polynucleotide primer wherein at least the 3'-end of szid second polynucleotide primer has at least a 10 
base sequence hybridizabie with at least a portion of said single stranded extended first polynucleotide 
primer to form double stranded polynucleotide 3. wherein the 3 -end and the 5 -end of single stranded twice 



partially complementary, ana 



nuclec 



(vt) dissccianng sad single stranded twice extended first polynucleotide primer from said poly- 
nucleotide 3: while steo (b) may comprise the steps of: 
5 (i)fcrming in the presence of nucleoside triphosphates and template dependent polynucleotide 

polymerase alcng said single stranded twice extended first polynucleotide primer an extension of said first 
polynucleotide primer to form double stranded polynucleotide 4, 

(it) dissociating singie stranded extended first polynucleotide primer from polynucleotide 4. and 
iii) repeating step (i). See Example 2 for details. 
10 In one particular method for determining the presence Ot a polynucleotide anaiyte in a sample 
suspected of containing the snaiyte. a single stranded polynucleotide flanked by at least S0% complemen- 
tary first and second flanking sequences, each comprised of at least tS bases, is formed as a result of the 
presence of the anaiyte. In the presence of nucleoside triphosphates and template dependent poly- 
nucleotide polymerase an extension is formed of a polynucleotide primer at least the 3 -end of which can 
rs hybridize with the second sequence at the 3'-end of the single stranded polynucleotide. Extended 
polynucleotide primer containing a sequence identical to and/or complementary with the singie stranced 
polynucleotide is then detected, the presence thereof indicating the presence of the polynucleotide anaiyte. 

'Another ascec: of the present invention concerns an analytical method which comprises contacting a 
samp* su^pe^dTof containing the anaivte with first and second polynucleotide probes. The firs: probe 
20 comorises a seauence at its o'-end complementary to a first portion of one strand of the anaiyte and a nrst 
flanking sequence. The second probe comorises a sequence at its 5 -end complementary to a second 
ccrtion of the same strand of the anaiyte and a second flanking sequence. The first and second narking 
cequenc- are cartially or fuilv complementary. The contact is carried cut uncer conditions rcr bincing or 
the first and second orcces with the anaiyte. Conditions are provided for ligating the nrst and secona 
25 polynucleotide proces* to one another only when bound to the anaiyte. An extension of a polynucieooce 
crimer at le*st the 3'-enc of which can hybridize with the flanking sequence is formed in the presence or 
nuciecs.ce tnehesohaces and template dependent poiynucleotide polymerase. Extencec poiynucieotice 
crimer cenrainina a seauence complementary to the first probe is detected, the presence therecr seating 
the oresence of the anaiyte. 

30 Another asosc: of the cresent invention involves a method for detect. nc the present or a po i - 
nue'eotide anaivte in a samcie suspected of containing the anaiyte. me method comprises tne steps ot (a) 
Heating third and fourth seauences of a polynucleotide probe, the third sequence having a ,ree 3 -enc anc 
the fourth ^nuance havinc a free 5-end ana each being hybricizabie to separate portions or the anaivte 
and licataote. or caoaole of" Seing rencered ligatable. only in the presence of :ne anaiyte. the 

3S oroce'further comprising first and second flanking sequences, wherein the nrst sequences 5 or he,h,c 
^uence 'he secorc secuence is 5 of the first sequence and the .cum sequence- * 5 or ,he a ecnc 
tc nee: (b) fcrm.nc in the presence of nuclecs.de triphosphates anc template dependent polynuceot.ce 
cotme^B an -tension of a poiynucieotice primer at least the 3 -enc of whicn can nyomaze ««i ,.e 
Lcond ^Jng secuence of the po.ynuceoiide probe, and detects extended po.ynuciect.ee pnmer 

<o combine a sequence icantical to anc/cr comptementary with at least that pcrt.cn or the „g~=- .n.rc u r 
fourth sequences complementary to the seoarate portions of the anaiyte. rnnt9r * nn , „ mcts 

Another analytical methco in accordance with the present ,nvent,on composes contacting a sample 
susoec ed of conram.ng an anaiyte with first and second polynucieot.de prooes.. , he firs prooe comenses 
d) a first flanking seauence oartially or fully complementar/ to a secona rlanmng sequence .n .he s econc 

„ robe ^d 2) a'sequence commentary to a ? ort,on of the anaiyteother thar , a - ^*£>«J% 
commentary to the second prooe. The first and second proces are ~m^in1 
rendered ligatable. to one another only when bound to the anaivte. ,ne method Signer "^^'^ 
in th- are = 6 nc= of nuc'-c*.de triohoschates and template deoendent pc.ynudeot.ee polymerase an 

Pnmer at .east a porto n o, ; h,h can ^eoT S 

50 seauence of that orobe which is ligated to the 3 -end or the other prcoe. Extended poly 
and/or ligated first and seconc polynucleotide proces are then detected. 



ss 



npgraiPTTON OF THE SPECIFIC EMBODIMENTS 

Tne oresent method allows the production of at .east one copy and pre.erably rn* ^ « of * 
single stranded P olynucleot.ae. The single stranced po.ynucleot.ee can oe present ,n a med.um 
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formed by the presence of a polynucleotide analyte in a sample suspected of containing the anaiyte. In the 
production of multiple copies of the single stranded polynucleotide the following components are provided: 
(i) the single strandea polynucleotide, (ii) a polynucleotide primer at least the 3-end of which has at least a ' ■ 
10 base, preferably at least a 15 base sequence hybridizabie with a second flanking sequence connected to ^ ; y 

5 the 3 -end of the single stranded polynucleotide, (ill) nucleoside triphosphates, and (iv) template-dependent 
polynucleotide polymerase. The second flanking sequence connected to the single stranded polynucleotide 
sequence is usually at least S5% complementary with at least a 10 base, preferably a 15 base, first flanking 
sequence connected to the 5 -end of the single stranded polynucleotide. After extension of the primer along 
the single stranced polynucleotide and the first flanking sequence, the extenaec polynucleotide sequence is 

w dissociated from the single stranded polynucleotide. Extension and dissociation are repeated until a desired 
number of copies is obtained. 

One aspect of the invention comprises a determination of a polynucleotide anaiyte by causing the 
formation of a singie stranded polynucleotide and initiating the above described method for producing 
multiple copies. In this method the singie Stranded polynucleotide is flanked by first and second poly- 

75 nucleotide flanking sequences that differ from the sequence of the anaiyte or a sequence complementary to 
the anaiyte. The presence of the anaiyte is determined by detection a sequence located at or beyond the 3 
end of the first flanking sequence linked to a sequence located at or beyond the 5 end of the second 
flanking sequence. 

Before proceeding further with a description of the specific embodiments of the present invention, a 

20 number of terms will be defined. 

Polynucleotide anaiyte— a compound or composition to be measured which is a poiymeric nucleotide 
having about 20 to 500,000 or more nucleotides, usually about 100 to 200,000 nucleotioes. more frequently 
500 to 15.000 nucleotides. The polynucleotide analytes include nucleic acids from any source in purified or 
unpurified form including DNA (csONA and ssDNA) and RNA, including t-RNA. m-RNA, r-RNA, mitochon- 

25 drial DNA and RNA, chlorcpiast DNA and RNA, DNA-RNA hybrids, or mixtures thereof, genes, chro- 
mosomes, plasmids t the genomes of biological material such as microorganisms, e.g.. bacteria, yeasts, 
viruses, viroids. molds, fungi, piants, animals, humans, and fragments thereof, and the like. The poly- 
nucleotide anaiyte can be only a minor fraction of a complex mixture such as a biological sample. The 
anaiyte can be obtained from various biological material by proceaures well known in the arc. Some 

30 examples of sucn biological material by way of illustration and not limitation are disclosed in Table I ceicw. 



so 



t 



55 



Microor^anisns of interest include: 
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(~nr V ™bactgria 
Corynebacter iuax diphthe 

Dipiccoccus pneumoniae 

fr^reptccocci 
Streptococcus pyrogenes 
Streptococcus sail varus 

Staphylococci 

Staphylococcus aureus 
Staphylococcus albus 

Neisseria ... 
Neisseria meningitidis 

Neisseria gonorrhea 
7n^affth?c^ af i ac las. 
Escherichia coli 
Aerobacter aerogenes 
Klebsiella pneumoniae 
Salmonella typhosa 
Salmonella chcleraesuis 
Salmonella typhimurium 
Shigella dysenteria 
Shigella schaitaii 
Shigella arabinotarda 



r la 



Shigella fiemeri ■ 
Shigella bcydii 
Shigella scnnei 
Orhor ^r>^^ bacilli 
Proteus vulgaris 
Proteus mirabiiis 
Proteus acrgani 
Pseudomonas aeruginosa 
Alcaiiger.es faecal is 
Vibrio cholerae 



The coiliform 
bacteria 

The Salmonellae 



The Shigellae 



Proteus species 
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ff_««nphilufi-qorrtFCf»lla group 
Hemophilus influenza, H. ducryi 
Heraoohilus hemcohiius 
Hemophilus aegypticus 
Hemo Dhi lus Dar ainf luenza 
Borrietella pertussis 
PastetirgLlag 
Pasteur-iia pestis 
Pasteur*! la tulareusia 

3 rues lias 

Brucella melitensis 
Brucella abortus 
Brucella suis 

A^rnbic S pr,r»-gor-sing 3acilli 
Bacillus anthracis 
Bacillus subtilis 
Bacillus megaterium 
Bacillus cereus 

Clostridium botuliatan 
Closcridium tetani 
Clostridium perfringens 
Clostridium ncvyi 
Clostridium septicum 
Clostridium histolyticum 
Clostridium tertium 
Clostridium bifermentans 
Clostridium sporogenes 
Hvrnhacteria 

Mycobacterium tuberculosis hominis 
Mycobacterium bovis 
Mycobacterium avium 
Mycobacterium leprae 
Mycobacterium paratuberculosis 
y^nffgycetM (fungus-lite bacteria) 
Actinomyces Isaeii 
Actinomyces bovia 
Actinomyces naeslundii 
Nocardia asteroides 
Nocardia brasiliensis 
T*n- Spirochetes 

Treponema pallidum Spirillum ramus 
Treponema pertenue 5 treptobacillus 

mcnoilif ormis 

Treponema caratetsa 
Bcrrelia recurrentis 
Leptospira ic terohemorrhagiae 
Leptospira caniccia 

Mycoolasna pneumoniae 



Rhizopus oryzae 

Rhizopus arrhizua Phycomycetes 
Rhi2opus nigricans 
Soorotrichua scbenkii 
F lonsecaea pedrosoi 
Fonsecacea compact 
Fonsecacea dermatidis 
Cladosporium carrionii 
Phialoohora verrucosa 
Aspergillus niduians 
Madureila mycetomi 
Madurella grisea 
Ailescheria boydii 
Phialophora jeanselaei 
Microsporia* gypseum 
Trichophyton mentagrophytes 
Keratinomyces ajelloi 
Microsporum cania 
Trichophyton rufarum 
Microsporum adouini 
Viruses 
Adenoviruses 

forges Viruses 

Herpes simplex 
Varicella (Chicken pox) 
Herpes Zoster (Shingles) 
Virus B 

Cytomegalovirus 

Variola (smallpox) 
Vaccinia 
Poxvirus bovis 
Paravaccinia 
Hoiluscua contagiosum 

Poliovirus 
Coxsackievirus 
Echoviruses 
Rhinovi ruses 

{jyypvi ruses 
Influenzal B t and C) 
Parainfluenza (1-4) 
Mumps Virus 

Newcastle Disease Virus 
Measles Virus 
Rinderpest Virus 
Canine Distemper Virus 
Respiratory Syncytial Virus 
Rubella Virus 
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listeria monocytogenes 
Erysipsiochrix rhusionathiae 
Streotabaciiius moniliformis 
Donvania granuloma t is 
Bartonella baciiiifornris 

^icjcg^5;a& (bacteria-Like parasites) 
Rickettsia prawazecii 
Rickettsia raoaseri 
Rickettsia ricxettsii 
Rickettsia concri 
Rickettsia aus trails 
Rickettsia sibiricua 

Rickettsia akari ' 
Rickettsia Csussu^aauahi 

Rickettsia bumetti 
Ric ke t ts ia quia tana 
Chlasvrj^ (unciasaif iabie parasites 

bacterial/viral) 
Chlamydia agents (nazaing uncertain) 

Crrpcacoccus neofcraans 
Blastomyces dersatidis 
Hisoolasma caosuiatura 
Coccidioides iraaitis 
Paracoccidioides brasiliensis 
Candida albicans 
Asperjillua f urticatus 

flue or corywbii er (Absidia corymbifera) 



Western Equine Encephalitis Virus 
Sindbis Vims 
Chikugunya Virus 
Semiiki Forest Virus 
Mayors Virus 

St. Louis Encephalitis Virus 
California Encephalitis Virus 
Colorado Tick Fever Virus 
Yellav Fever Virus 
Dengue Virus 
Re?vjru>,ff,g. 
Reavirus Types 1-3 

Hunan iOTunodef iciency Viruses (HIV ) 
Htssan T-ceii Lympho trophic 
Virus I & II (HTLV) 

g??atitia 

Hepatitis A Virus 
Hepatitis 3 Virus 
Hepatitis nonA-notLB Virus 

Raiis cher Leukeaia Virus 
Gross Virus 

Haloney Leukesia Virus 
Human Papilloma Virus 



The polynucleotide anaiyte, where appropriate, may be treated io cleave the anaiyte to obtain a 
fragment that contains a target polynucleotide sequence, for example, by shearing cr by treatment with a 
as restriction enc'onuclease or other site specific chemical cleavage memod. 

For purposes of this invention, the polynucleotide anaiyte. or the cieaved fragment obtained from Me 
polynucleotide anaiyte. wiil usually be at feast partiaily denatured or single stranded or treated to rencer it 
denatured or single stranded. Such treatments are weil*known in the art and include, for instanca. neat cr 
aikaft treatment. For example, double stranded ONA can be heated at 90-100* C. :or a period of about 1 :o 
40 10 minutes to prcducs denatured material. 

Target polynucleotide sequence - a sequence of nucleotides to be identified, the identity of which is 
known to an extent sufficient to allow preparation of polynucleotide Qrobes that are complementary to and 
will hybridize with at feast a portion of such target sequence. The target, poly nucleotide sequence usuaily 
wilt contain from about 12 to 1000 or more nucleotides, preferably 20 to tQO nucleotides. The target 
45 polynucleotide sequence is frequently a part of the polynucleotiae anaiyte. The target polynucieotice 
sequence wiil generally be a fraction of a larger molecule or it may be substantially the entire molecule. 
The minimum number of nucleotides in the target polynucleotide sequence wiil be selected to assure that 
the presence of target polynucleotide sequence in a sample wiil be a specific indicator of the presence of 
polynucleotide anaiyte in a sample. Very roughly, the sequence length wiil usually be greater than about i .3 
so log L nuceiotides where L is the number of base pairs in the genome of the biologic source of the sample. 
The maximum number of nucleotides in the target sequence will normally be governed by the length of the 
polynucleotide anaiyte and its tendency to be broken by shearing, by endogenous nucleases cr by reagents 
used to cleave the target sequence. 

Single stranded polynucleotide - a natural or synthetic sequence of nucleotides that exists naturally or 
55 is preformed or is formed from a probe as the result of the presence of an anaiyte. It wiil normally be 
comprised at least of a sequence that is identical to or complementary with at least a portion of the target 
polynucleotide seauence and may also contain one or more sequences which, when bound to their 
complementary sequences, are specific binding sites for receptors such as repressors, restriction enzymes. 
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and trie like. The single stranded polynucleotide is flanked by a first flanking sequence and a second 
flanking sequence whicii have at least 50% complementary base sequences, usually at least 65% 
complementary base sequences, often at least 80% complementary base sequences. The first and second 
flanking sequences are attached to the 3 -end and 5 -end, respectively, of the single stranded poly- 
5 nucleotide and each comprises at least ten, preferably at least 15, nucleotides, deoxynucleotides. and/or 
derivatives thereof. 

The single stranded polynucleotide together with the flanking sequences and polynucleotides attached 
thereto will usually contain from 30 to 3,000 nucleotides, preferably 50 to 500 nucleotides. The single 
stranded polynucleotide can be RNA or DNA and can also be a synthetic oligonucleotide. When the single 
70 stranded polynucleotide flanked by the first and second sequences is hybridized with a complementary 
strand, it will frequently form inverted repeats. 

Polynucleotide primer — a polynucleotide containing a sequence at its 3 -end hybridizable with the 
second flanking sequence at the 3 -end' of the single stranded polynucleotide. The number of nucleotides in 
the polynucleotide primer that are hybridizabie with the second flanking sequence shouid be such that 
/5 stringency conditions used to hybridize the polynucleotide primer will prevent excessive random non- 
specific hybridization. Usually, the number of nucleotides in the polynucleotide primer will be at least as 
great as in the second flanking sequence, namely, at least ten nucleotides, preferably at least 15 
nucleotides and generally from about 10 to 2,000. preferabiy 20 to 100, nucleotides. 

Member of a specific binding pair ("sop member")-one of two different moiecules, having an area on 
zo the surface or in a cavity which specifically binds to and is thereby defined as complementary with a 
particular spatial and polar organization of the other molecule. The members of the specific binding pair are 
referred to as ligand and receptor (antiiigand). These may be members of an immunological pair such as 
antigen-antibody, or may be ocerator-repressor, nuclease-nucleotide biotin-avidin, hormones-hormone re- 
ceptors, nucleic acid duplexes. igG-protein A, DNA-QNA. DNA-RNA, and the like. 
25 Ligand-any compound for which a receptor naturally exists or can be prepared. 

Receotor ( "antiiigand ")-any compound or composition capable of recognizing a particular spatial and 
polar organization of a molecule, e.g., epitopic or determinant site. Illustrative receptors include naturally 
occurring receotors, e.g.. thyroxine binding giobufin, antibodies, enzymes. Fab fragments, lectins, nucleic 
acids, recressors, protection enzymes, protein A, complement component Clq, DNA binding proteins cr 
jo ligands and the like. 

Small organic molecufe-a compound of molecular weight less than 15Q0. preferably 100 to 1000. more 
preferably 300 to 500 such as biotin, fluorescein, rhodamine and other eyes, tetracycline and other protein 
binding molecules, and haptens, etc. The small organic molecule can provide a means for attachment of a 
nucleotide secuence to a label or to a support. 

3S Support cr surrace-a porous or non-porous water insoluble material. The support can be hydrophiiic cr 
caoable of beina rendered hvcroohilic and includes inorganic powders such as silica, magnesium sulfate, 
and alumina; natural polymeric materials, particularly celluiosic materials and materials derived rrom 
cellulose, such as fiber containing papers, e.g.. filter paper, chromatographic paper, etc.; synthetic or 
modified naturally occurring polymers, such as nitrocellulose, cellulose acetate, poly (vinyl chlonde). 

40 polyacrylamide. cross linked dextran. agarose, polyacrylate, polyethylene, polypropylene, poly(4-methyl- 
butene). polystyrene, polymerhacrylate. polyethylene terephthalate). nylon, polyvinyl butyrate), etc.; either 
used by themselves or in conjunction with other materials; glass available as Bioglass, ceramics, metals, 
and the like. Natural or synthetic assemblies such as liposomes, phospholipid vesicles, and cells can also 
be employed. 

45 Binding of sbp members to the support or surface may be accomplished by well-known techniques, 
commonlv available in the literature. See. for example. "Immobilized Enzymes." Ichiro Chibata, Haisted 
Press. New York (1978) and Cuatrecasas, J. Biol. Chem. . 245;3059 (1970). The surface can have any one of 
a number of shapes, such as strip, rod, particle, including bead, and the like. 

The surtace will usually be pofyfunctional or be capable of being poiyfunctionaiized or be capable of 
so binding an oligonucleotide or an sbp member through specific or non-specific covalent or non-covalent 
interactions. A wide variety of functional groups are available or can be incorporated. Functional groups 
include carboxylic acids, aldehydes, amino groups, cyano groups, ethylene groups, hydroxyl groups, 
mercapto groups and the like. The manner of linking a wide variety of compounds to particles is well known 
and is amply illustrated in the literature. See for example Cautrecasas. J. SioL Chem. 245.3059 (1970). The 
length of a linking group to the oligonucleotide or sbp member may vary widely, depending upon the nature 
of the compound being linked, the effect of the distance between the compound being linked and the 
particle on the hybridization of the sequences and the like. The oligonucleotide or sbp member will be 
substantially bound to the outer surface of the particle. 
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compounds or fluoresces bound to the particle in conventional ways. The fluoresces will usually b 
dissolved in or bound covaientiy or non-covalently to the panicle and will frequently be subsiantiallv 
uniformly fecund through the particle. Fiuorascainated latex parttcies are taught in U.S. Parenr No 
3.853,937. 

Label cr reporter group~A member of the signal producing system that is conjugated to or becomes 
bound to a probe ana is capable of being detected directly or, through a specific binding reaction, can 
produce a be:ectibie signal. Labels induce a polynucleotide primer or specific polynucleotide sequence that 
can prcvide a template for amplification or ligation or act as a ligand such as for a repressor protein. 
Preferably, one of the polynucleotide probes will have, or be capable of having, a label. In general, any lacel 
that is detectable can be used. The label can be isotapic or nonisotcpic, usually non-isotopic. and can be a 
catalyst, dye. fluorescent mciscule, cnemilumtnescer, coenzyme, enzyme, substrate, radioactive grcup, a 
particle sucn as latex or carbon panicle, metal sol. crystallite, liposome, ceii, etc.. which may or may not be 
further labeled with a eye. caraiyst or other deteenbie group, and the like. The labet is a member of a signal 
producing system ana can generate a detectable signal either aione or together with other members of the 
sianal producing system. The label can be bound directly to a nucleotide sequence or can become bcund 
thereto by being bound to an sop member complementary to an sop member that is bound to a nuciscutia 

sequence. - : , - — 

Signal Producing System-The signal producing system may have one or more components, a: !east 
one component being the lace! or reporter group. The signal producing system generates a signal that 
relates to the presence or amount of polynucleotide analyte in a sample. The signal producing system 
induces all of the reaoents -ecuired to produce a measurable signal. When the label is not conjugated to a 
nucieotice secuenca. the iacei is normally bound :c an sbp member complementary to an sop member that 
is bouno to or par: of a nuceotiGe sequence. Other components of the signal producing system may be 
included in a cevelooer solution and can induce substrates, enhancers, activators, chemiiuminiscenc 
compounds, cofactors, inntbiicrs, scavengers, metai ions, soecific binding substances required for binding 
of signal generating substances, and the like. Otr.er components of the signal producing' system mayjre 
coenzymes, substances char react with enzymic products, other enzymes and catalysts, and the like, ir.e 
signal producing system provides a signal detectable by external means, by use of electromagnetic 
radiation, cesirabiy by visual examination. 

The sicnal-prcducing system can include at least one catalyst, usually an enzyme, and at least one 
substrate and may induce two or more catalysts and a plurality of substrates, and may include^ a 
combination of enzymes, where the substrate of one enzyme is the product of the other enzyme, i he 
ooeration of the signal producing system is to produce a product which provides a detectaoie signal reiatec 
to the amount of poiynucieorice analyte in the sample. 

A iaree number of enzymes and coenzymes useful in a signal producing system-are indicated in U.S. 
Patent No. a.275. 149. columns 19 to 23, and U.S. Patent No. 4,318,980, columns 10 to U. which 
disclosures are inccrcoratec herein by reference. A numoer of enzyme combinations are set rorth in U.S. 
Parenr No. 4,275.149. columns 23 to 23. which combinations can find use in the subject invention, mis 
disclosure is incorporated herein by reference. 

Of particular interest are enzymes which involve the production of hydrogen peroxide and the use of the 
hydrooen oeroxide to oxicizs a dye precursor to a dye. Particular combinations include saccharide 
oxidases, e.g.. glucose and galactose oxidase, or heterocyclic oxidases, such as uricase ana xanthine 
oxicase, ccuoied with an enzyme whicn employs the hydrogen peroxide to oxidize a dye precursor, tnat is. 
a peroxidase such as horse radish peroxidase, lactoperoxidase. or m'tcrooeroxidase. Additional enzyme 
combinations may be found in the subject matter incorporated by reference. When a single enzyme is usee 
as a label, other enzvmes mav find use such as hydrolases, transferases, and oxicoreductases. prereraoy 
hydrolases such as alkaline phosphatase and /3-galactosidase. Alternatively, lurif erases may oe used sucn 

as firefly lucirarase anc bacterial luciferase. c , nfU , c ., MrM , 

Illustrative coenzymes which find use include NADfHfc NAOPfH], pyridoxal phosphate: FAD[H]. FMN[H]. 

etc usually coenzymes involving cycling reactions, see particularly U.S. Patent No. 4.318,980. 

The oroduct of the enzyme reaction will usually be a dye or ftuorescer. A large numoer or .ilustrative 

fluoresces are indicated in U.S. Patent No. 4.275.149. columns 30 and 31. which disclosure is .ncorpcrated 

herein by reference. , , . , ^ ni „. 

The signal producina svstem can include one or more particles, whicn are insoluble particles or « i.as. 
about 50 am and not more than about 50 microns, usually at least aoout 100 nm and less than acout ^ 
microns, oreferabfy from about 0.2 to 5 microns, diameter. The parties may be organ.c or ^^ c ^™* 
or non-porous, preferably of a density approximating water, generally from about 0.7 to acout 1.5 g/mi. 
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composed of material that can be transparent, partially transparent, or opaque. 

The organic particles wiil normally be comprised of polymers, either addition or condensation polymers, 
which are readily dispersible in the assay medium. The surface of particles will be adsorptive or 
functionalizable so as to bind, either directly or indirectly, an oligonucleotide or an sbp member. The nature 

of particles is described above. 

Fiucrescers of interest will generally emit light at a wavelength above 350nm, usually above 400nm and 
preferably above 450nm. Desirably, the fluoresces have a high quantum efficiency, a large Stokes shift and 
are chemically stable under the conditions of their conjugation and use. i ne term fluorescsr is intended to 
include substances that emit Bent upon activation by electromagnetic radiation or chemical activation and 
nciudes fluorescent and pheschorescent substances, scintillators, and chemiluminescent substances. 

Fluoresces of interest fall into a variery of categories having certain primary functionalities. These 
primary functionalities include 1- and 2-2minon 2 phthalene. p.p-diaminostilbenes, pyrenes. quaternary 
phenanthridine salts. 9-aminoacridines. p.p'-diaminostilbenes immines. anthracenes, oxacarooxyanme. 
merocyanine. 3-aminoequilenin, perylene. bis-benzoxazole. bis-p-oxazclyl benzene. 1 .2-benzophenazine. 
retinal bis-3-amincoyridinium sate, hellebrigenin. tetracycline, sterophenol. benzimidazoiylphenylamme. 2- 
oxo-3-chromen. indole, xanrhene. 7-hydroxycoumarin. 4,5-benzimidazoles. phenoxaz.ne. salicylate, 
strophanthidin, porohyrins. triarylmethanes. flavin and rare earth chelates oxides and salts. Exemplary 
fluorescers are enumerated in U.S. Patent No. 4.313.707. columns 7 and 8. the d.sclosure of wn.cn .s 

incoroorated herein by reference. 

Additionally, energy absorcent or quenching panicles can be employed wn.cn are solid insoluole 
particles of at least about SO nm in diameter capable of quenching tto fluorescence of the fluorescent 
particle when within the distance resulting from hybridization of a probe with the polynucleotide analyte or 
from scecific binding between members of specific binding pairs. The quenching particle may be the same 
or different, usually different, from the fluorescent particle. Normally, the quenching particle will proves a 
substantial quenching at a distance of more than about SOA. preferably more than about 500A. more 
oreferablv more than about 20C0A. where the distance is measured from the surfaces or the parades. 
' Many different types of oartices may be employed for modulating light emission. Of particular .merest 
are carton oarticies. such as charcoal, lamp black, graphite, colloidal carbon and the like. Besides canon 
carriers metal sols may also fine use. particularly of the noble metals, gold, silver and pla 0£ 
metal-derived oarticies may induce metal sulfides, such as lead, silver or copper sulfides or metal oxices. 

such a c iron or cooper oxide. ... . 

An alternative' source of fight as a detectibie signal is a chemiluminescent source. Tne cnemHummes- 
c=nt source involves a comoound which becomes electronically excited by a chemical reaction and ma/ 
then emit liaht which ser.es as the detectibie signal or donates energy to a fluorescent acceptor . 

A diverse number of families of compounds have been found to prov.de cnem.lum.nescence unde a 
variety of conditions. One famiiv of compounds is 2.3*ihydro-l.4-phthalazined,one. Tne ™ s ; P^ = r 
comoound is ,uminol. wnich is the S-amino analog of the above compound. Other ameers of he f^ y 
include the S-amino-o.-a-trime^xy- and the dimethyiam.ne-icalbenz analog. Tn.se C0 ^°^ S ^" ^ 
made to -uminesca with alkaline hydrogen peroxide or ca.cium hypochlonte and ™-*^™Zj 
comoounds is the 2.4.5-triphenylimidazoies. with lophine as the common name ,or the par f"* produc 
Chemiluminescent analogs include para-dimethylamino- and . 

Chemi.uminescence may also be obtained with oxilates. usual.y oxalyl. actrve esters e^g P™*^^ 
a peroxide, e.g.. hydrogen peroxide, under basic conditions. Alternately, lucrerms may be used 

conjunction with luciferase or iucicenins. in accordance 

Ancillary Materials-Various ancil.ary materials will frequently be employed m , £ assay _.n accord, 
with the present invention. For example, buffers wil. normally be present « *• To he« addles 
stabilizers for the assay medium and the assay components. Frequently «j ^^J^^ 
proteins may be included, such as albumins, organic solvents such as tom ^^ at ^ a enhancsrs , 
salts, polycations such as dextran sulfate, surfactants, particularly non-ion.c surfactants, bincng ennanc. 

e.a. polyalkylene glycols, or the like. ' 'V.h<tih*nr orefe'ably a deox- 

Nucleoside triphosphates - a nucleoside having a 5 tripnosphate. substttuent P rete.aD.Y 

ynudeoside triphosphate. The nucleosides are pentose sugar derivatives <^"^^* 
purine or pyrimicine derivation. cova.ently bonded to the 1 -carbon of the suga delude 

include adenine ( A). guanine(G). inosine. and derivatives and analogs thereof. Tne pyr.rn.cne bases 
cytosine (C). thymine (T). uracil (U). ar.d derivatives and analogs thereof. nolvmer jz e d in a similar 

Tne derivatives and analogs are exemplified by those that are recognized by way of 

manner to the underivitized nuc.ecs.de triphosphates. Examples of ™ Sated amine 

illustration and not limitation are those which are modified w,th a reporter group, bonny 



_. ..„ w &JlVBi 5UU "^uu^ aiiuuiivjii-..^. fjt.Qscnue, ring atom modified 

derivatives, ar.c the like. The reporter croup can be a fluorescent grouo such as fluorescein 
chemiiuminescent group such as (uminol, a terbium chelator such as N-(hydroxyetrv n 
ethyienediamineinacecic acid that is capable of detection by delayed fluorescence, and the like 
5 Polynucleotide polymerase - a catalyst, usually an enzyme, for forming an extension of the poly- 
nucleotide primer along a DNA or RNA template including the single stranded polynucleotide where the 
extension is complementary thereto. The polynucleotide polymerase is a template dependent poly- 
nucleotide polymerase and utilizes the nucleoside triphosphates as buiicing blacks for extending the 3'-end 
of the polynucleotide comer to provide a sequence complementary with the single stranded polynucleotide. 
jo Usually, the catalysts are enzymes, such as RNA polymerases, preferably DNA polymerases such as. fcr 
example, prokaryctic DNA polymerase (I, II. or III), T4 DNA polymerase. T7 DNA polymerase, Klenow 
fragment, reverse transcriptase, RNA replicases, and the like derived from any source such as ceils, 
bacreria, such as E. coil plants, animals, virus, thermophilic bacteria, and so forth. 

Wholly cr partially secuentiaJly - when the sample and various agents utilized in the present invention 
75 are combined ether than concomitantly (simultaneously), one or more may be combined wirh one or mere 
of the remaining agents to form a subcombination. Each subcombination can then be subjected to one or 
more stecs of :he present method. Thus, each of the subcombinations can be incubated under conditions to 
achieve cne cr more of the desired results. 

Hybridization (hybridizing) and binding-in the context of nucleotide sequences these terms are used 
20 interchangeably herein. The ability of two nucleotide sequences to hybridize with each other is based on 
the degree of complementarity of the two nucleotide sequences, which in turn is based on the fraction of 
matched complementary nucleotide- pairs. The more nucleotides in a given sequence that are complemen- 
tary to another secuence. the greater the degree of hybridization of one to the other. The degree of 
hybricizaticn aiso depends on the viscosity conditions or stringency which include temperature, solvent 
25 ratios, sait concentrations, and the like. 

First polynucleotide probe— a compound having a polynucleotide sequence at its 3 -end (3 -target 
binding sequence) at least a portion of such sequence, preferably all of such sequence, caoacle of 
hybridizing with a portion of the target polynucleotide analyte by virtue of being partially or completely, 
usually completely, complementary to a region of the target polynucleotide analyte such that the first 
20 polynucleotide prcce wiil become bound to such region of the target polynucleotice analyte. Tine first 
polynucleotide probe also comprises a first flanking sequence that is at least 50% complementary, usually 
at feast 65% comclementary. to a second flanking sequence of a second polynucleotide probe. The first 
polynucleotide prcce may contain additional seauences located between the target polynucleotide binding 
sequence and the first flanking seauence and attached to the first flanking sequence distal to the target 
s polvnucleotide bmcinc secuence. 

The major criteria fcr choosing the first polynucleotide probe are: (1) The 3*-end target bincing 
secuence should be reliable, that is. it should be closeiy or exactly complementary with at least a carrion of 
the taroet nucleotide secuence and should be of sufficient length to provide stable and scecinc oinaina. (2) 
The 3 -end must form, or be caoable of forming, a free 3 -hydroxyl group. The minimum first flanking 
q sequence will usually be at least 10, preferably at least 15, nucleotides in length. Additional sequences, 
usually located between the 3 -end target binding sequence and the first flanking sequence are selected to 
increase the distance between the two groups and thus provide for greater DNA synthesis during 
amplification anc to provide for receptor binding sites to permit detection of the amplified product* In 
general, the first polynucleotide probe will be about 30 to 5,000 nucleotides, more frequently 40 to 1,000 
j nucleotides in length. The combinea length of the hybridizing portion of the first and second polynucleotide 
probes is at least about 20 nucleotides, preferably about 40 to 2.000 nucleotides, in length. With biologically 
synthesized polynucleotides random fragments of unknown sequences may be used provided, however, 
that nucleic acids are single stranded and complementary to the target nucleotide sequences or the 
polynucleotide analyte. 

Second polynucleotide probe— The second polynucleotide probe has a sequence at its 5 -end. at least a 
portion and preferably ail of which is capable of hybridizing with the target polynucleotide analyte at a 
region other than that with which the first polynucleotide probe hybridizes (5 -target binding sequence), t ne 
second polynucleotide probe has a sequence that is at least 50% complementary,, usually at least 6c% 
complementary to the first flanking sequence of the first polynucleotide probe and is designated as the 
second flanking sequence. Thus, the first and second polynucleotide probes each have a polynucleotice 
sequence that is at least partially complementary to a sequence in the other.. The second polynucleotide 
probe may contain additional receptor binding or spacer sequences located between the target poly- 
nucleotide binding sequence and the second flanking sequence and attached to the second flanking 



13 



EP 0 379 369 A2 



sequence distal to the target polynucleotide binding sequence. 

The two regions of the target polynucleotide analyte complementary to the first and second poly- 
nucleotide probes will normally be in reasonable proximity to one another to ensure that a substantial 
fraction of the analyte will have the two regions linked. The two regions may be within 0 to 50 nucleotides, 
preferably 0 to 1 nucleotides. Where the regions are separated by more than one nucleotide, it will 
freouently be desirable to extend the first probe when bound to the target by means of a nucelotide 
polymerase and nucleoside triphosphates and thereby reduce the distance between the probes. 

Non-ccntiguous-the probes are hybridized to non-contiguous portions of the target nucleotide se- 
quence, there being at least one nucleotide present in the target polynucleotide sequence between the 
hybridised 5* terminus of the first polynucleotide probe and the 3 -end of the second polynucleotide probe^ 

Comiguous-the probes are considered to be contiguous when there are no nucleotides between the 5 - 
end of the first probe sequence and the 3 -end of the second probe sequence, when these nucleotide 
sequences are hybridized with the target polynucleotide analyte. 

Copy - means a seauence that is a direct copy of a single stranded polynucleotide as differentiated 
from a sequence that is complementary to the sequence of such single stranded polynucleotide. In the 
present invention a complementary sequence of a singie stranded polynucleotide is produced initially as the 
result of the extension of me polynucleotide primer and a sequence that is a direct copy of the single 
stranded polynucleotide is subsequently obtained from ihe aforementioned complementary sequence. 

Covaiently attaching-forming a chemical bond between the first polynucleotide probe and the second 
polynucleotide probe. 

The chemical bond can be formed whether the probes are contiguous or not when the probes are 
bound to the target oolynudsotice analyte, usually when separated by 0 or 1 nucieotiae. Covalent 
attachment can be achieved enzymatically. for example by utilizing a ligase. Prior to ligating the probes, the 
probe having a 3' terminus extendable in the direction of the other probe hybridized with the target 
polynucleotide analyte may be treated to rencer it contiguous or effectively contiguous with the other probe. 
The probes are effectively contiguous, for example, when enzymatic ligation or a chemical coupling can 
take olace. Generally, the protss are effectively contiguous when they are within 1 to 3 nucleotides apart. 
Chain extension may be achieved, for example, by adding a polynucleotide polymerase and nuclecs.ce 
triDhosohates or by Heating to one of the probes a nucleotide sequence complementary to ihe non- 
contiguous reaion of the target ooiynucleotide analyte between hybridized probes. The covalent aitaenment 
may be achieved chemically bv forming chemical bonds oetween the phosphate moieties of the probes. 

Means for extending a crcbe-in order to ligate the probes when the probes are bound with the target, 
polvnucleotide seauence it is often desirable to render the probes contiguous. As explained aoove. the 
probe having a 3'-»erminus extenaable in the direction of the other probe can be extenaed oy,comoin.ng 
the probe hvbricizec to the tarcet polynucleotide analyte with a polynucleotide polymerase and nucleoside 
triohosohates under conditions >cr extending the probe. Alternatively, a nucleotide sequence complementary 
to the non-contiguous portion of the target polynucleotide analyte between the prooes can be licated to one 

of the probes. . . . 

One embodiment of the oresent invention concerns a method of producing at least one copy or a single 
stranded polynucleotide or of a sequence complementary thereto. The method comprises form.ng in the 
presence of nucleoside trichoschates and template dependent polynucleotide polymerase an extension of a 
polynucleotide orimer having a sequence hybridizable with a first flanking sequence at the 3 -end of the 
single stranded polynucleotide, wherein the first flanking sequence is at least partially complementary with a 
second flanking sequence of the single stranded polynucleotide and dissociating the extended poly- 
nucleotide primer and the singie stranded polynucleotide. The above steps are repeated -to yield .he 

appropriate copy. * --"=■■ 

Generally, a combination is provides * a liquid medium which comprises (D a single stranded 
poiynucieotice having a polynucleotide se^mce flanked at each end by internally hybr.d.zable first and 
second flanking sequences. (2) a polynucleotide primer at least a 10 base portion of which at 3 >enC I s 
comclementary to that member of the first and second flanking sequences that .s at the 3 -end o * single 
stranded polynucleotide. (3) nucleoside triphosphates, and (4) template dependent P o lynud '^J^V 
merase. The combination is incubated under conditions for (1) dissociating any .nternaliy hybnd,zec I first 
and second flanking sequences. (2) hybridizing ihe polynucleotide primer with its complementary »quanc-. 
flanking the single stranded polynucleotide. (3) extending the polynucleotide primer J^V^J 
stranded oolynuclectide to provide a first extended polynucleotide primer, (4) dissociating the to* *™™" 
polynucleotide primer and the singie stranded polynucleotide. (5) hybridizing the first extsnde I poy 
nucleotide primer with the polynucleotioe primer. (6) extending the polynucleotide primer ^ along the hr* 
extended polynucleotide primer to proves a second extended polynucleotide primer. (,) dissocung the 



second extended polynucleotide primer from the first extended polynucleotide primer and (8^ 

steps (5) - (7) above. ' re ^ eaUn 9 

An embodiment of the present invention is illustrated in Scheme 1 {Fgure 4) by way of examoie and 
not limitation. 



15 



20 



\ 



Y 



25 



\ 



JO 



35 



40 



45 



50 



55 



Molecule I can be. for example, double stranded DNA having an inverted repeat with complementary 
sequences.la and tb. The DNA can be rendered single stranded to yield molecule ll f or molecule II can be 
RNA having seauences la and 1b. Hybridization of polynucleotide primer 1c with molecule II yielas 
molecule ill. Primer 1c has substantially the same or a similar polynucleotide sequence as sequence 1a. In 
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sequence distal to the tarcet polynucleotide binding sequence. 

The two regions of the target polynucleotide analyte complementary to the first and second poly- 
nucleotide probes will normally be in reasonable proximity to one another to ensure that a substantial 
fraction of the analyte will have the two regions linked. The two regions may be within 0 to 50 nucleotides, 
preferably 0 to 1 nucleotides. Where the regions are separated by more than one nucleotide, it will 
freauentty be desirable to extend the first probe when bound to the target by means of a nucelotide 
polymerase and nucleoside triphosphates and thereby reduce the distance between the probes. 

Non-contiguous-the orobes are hybridized to non-ccntiguous portions of the target nucleotide se- 
quence there being at least one nucleotide present in the target polynucleotide sequence between the 
hybridized 5' terminus of the first polynucleotide probe and the 3 -end of the second polynucleotide probe 

Contiguous-the probes are consicered to be contiguous when there are no nucieotices between the 5 - 
end of the first probe sequence and the 3-end of the second probe sequence, when these nucleonce 
sequences are hybridized with the target polynucleotide analyte. 

Coov - means a seauence that is a direct copy of a single stranded polynucleotide as citrerentiated 
from a sequence that is complementary to the sequence of such single stranded polynucleotide. In the 
present invention a complementary sequence of a single stranded polynucleofce is produced inmally as Jie 
result of the extens.cn of the polynucleotide primer and a sequence that is a direct copy cf the s.ngle 
stranded oolvnuclect.de is subsequently obtained from the aforementioned comolementary sequence. 

Covalentiy artaching-forrning a -hernial bond between the first polynucleotide prooe and the second 

polynucleotide oroDe. t , 

The chemical bond can be formed whether the probes are contiguous or net wnen the probes are 
bound to the taroet oolynudeotice analyte. usually when separated by 0 or 1 nuc.eot.ee. Covatent 
attachment can be'achieved enzymatically. for example by utilizing a ligase. Pnor to hgatrng tne probes . *e 
prooe having a 3 term.nus extencaole in the direction of the other prooe rryorrtzed «tn the targe, 
polynucleotide analyte may be treated to rencer it contiguous or effectively cont.gucusw.th ,he othe r pre .e. 
The probes are effectively contiguous, lor example, wnen enzymatic .igation or a 
take olace. Generally, the probes are effectively contiguous when they are w,th,n .1 to 
Chain extension may be acnieved. for example, by adoing a polynuaeot.ee P*?*^ ^™*^ 
trichoschates or by ligaring to or, of the orooes a nucieotide .^^^J^ 
continuous reoion of the target polynucleotide analyte between hybrid prooes. . ne cov e « -J™™** 
mav be acnieved chem.cal.y by forming chemical bones between the phospnate mo,et,es 

Means for extending a prcbe-in order to ligate the prooes when the prooes are bound m**m* ge.- 
polynucleotide seouence it is often ces.raoie to render the probes ^^^^ ^£ n £! 
probe having -a 3-terminus extencab.e in the direction of the other prooe can be e*anaed oy..com»n ng 
L probe hvbricized to the tarcet polynucleotide analyte with a polynuceot.ee polymerase 
tnohosohares under conditions for extending the prooe. Alternatively, a nudeot.ee r^^S^Si 
to' the non-contiguous portion of the target polynucleotide anaiyte between tne prooes can be Lcated * one 

° f 1 embodiment of the present invention concerns a method of producing at -east 
stranded polynuc.eotide or of a sequence complementary thereto. The r!™™^ tt 1Z3£T* 
presence of nuc.eos.ee triphosphates and template dependent polynucleofee polymery « extension or a 
polynucleotide orimer having a sequence hybridizab.e with a first '^f^^J^Z^, °j it f a 
single stranded •polynucleotide, wherein the first flanking sequence is at least part ccjnp. ^y w*h a 
second flanking sequence of the sing.e stranded polynucleotide and 

nucleotide primer and the sing.e stranded polynucleotide. The aoove stsps are rep.—-.* yrtd 

2PP Gene!^ P a combination is provides- , a liquid medium which -^s ^ ^ sanded 
polynudeotide having a polynuc.eotide ™ flanked at eacn end y ,n,er hyW*£ ^ 
second flanking sequences. (2) a polynucleotide primer at least a 10 base porn 

comolementary to that member of the first and second f.ank,ng sequences ftttu pory- 
stranded polynucleotide. (3) nucleoside triphosphates, and (4) templa » Iv^wSSd *i 

merase. Tne combination is incubated under conditions for ( , ^"^^^^^J^^. 
and second flanking -~ £ f o V— J single 

flanking the single stranded polynucleotide, (o) extenaing ™ ^ y ^nri-rinn the first extended 
stranded polynucleotide to provide a first extended oolynucieot.de £^.^ J ^^ p0 ly- 
po.ynudeo.de pnmer and the smgie stranded P°^^ £ * theVst 
nucleotide pr,mer with the oolynudeotice P"^^^-^^^^?. <7> dissociating the 
extended polynucleotide primer to provide a second exvenoed poiynucieon v 



The order of ccmbining of the various reagents to form the combination may vary. General^ a "si n g| e 
stranded polynucleotide with first and second flanking sequences is itself the target polynucleotide 
sequence in the sample or is formed as a function of the presence of a polynucleotide analyte in the 

5 sample. Tnis may be combined with a pre-prepared combination of polynucleotide primer, nucleoside 
triphosphates, and template-dependent polynucleotide polymerase. However, simultaneous addition of the 
above, as well as other step-wise or sequential orders of addition, may be employed. 

The concentration and order of addition of reagents and conditions for the method are governed 
generally by the desire to maximize the number of copies of the single stranded polynucleotide sequence 

w and the rate at whicn such copies are formed. Generally, it is desirable to increase tie number cf copies of 
the single strandea polynucleotide sequence by at least a factor' of tC 2 . preferably a factor of 10*. mere 
preferably 10 s or more. 

The present invention has particular application to the determination or detection of a polynucleotide 
analyte in a sample. In general, the method comprises forming as a result of the presence of an analyte a 
is single stranded poiynucleotice flanked by first and second polynucleotide flanking sequences. Multiple 
copies of the single strancec polynucleotide are then made. Oirectly or indirectly detecting the thus formed 
single stranded polynucleotide indicates the presence of the anaiyte. 

The single stranded polynucleotide can be formed by contacting the sample with first and second 
polynucleotide probes. The first probe comprises a sequence at its 3 -end complementary to a first portion 
2Q of one strand .gt tne analyte and a first flanking sequence. The said second probe comprises a sequence at 
its s' ena complementary to a second portion of the same strand of the analyte and a second flanking 
sequence. The first and second flanking sequences are at least 50*55% complementary with each ether 
and will frequently be 30-T00% complementary. The contact is carried out under conditions for binding of 
the first and seconc proces with the analyte. Then, conditions are provided for ligating the first and second 
25 poiynucleotice probes to one another enly when bound to said anaiyte. 

The order of combining of the various reagents to form the combination may van/ ana can be 
concomitant or simultaneous or wholly or partially sequential. Generally, a sampie containing an anaiyte 
sequence is obtained. Tnis may be combined with a pre-prepared combination of first and second 
polynucleotide prcces. nucleoside tnohesohates, and poiynucleotice poiymerase, fcilcwed by addition of a 
30 ligase. However, simultaneous acdition •:: the above, as weil as other step-wise or sequential orders of 
addition, mav be emclovec. The concentration and orcer cf addition of reagents and conations for the 
method are governed generally by the desire to optimize hybridization of ail the target polynucleotide 
sequences with the first and second polynucleotide proces and covalent attachment of the so-hybridized 
first and secend polynucleotide proces. 
35 One means for covaiently attaching the nr^i and second probes when these probes are hybridized with 

the tercet polynucleotide sequence involves the chain extension of the first probe to render the first and 
second polynucleotide prcces contiguous. One means for extending the first probe comcrises adding a 
polynucleotide polymerase and ceoxynudeoside triphosphates to the iiauid mecium and incubating the 
medium under conations for forming a chain extension at the 3 -end of the first probe to render it 
^0 contiguous with the second poiynucleotice probe when these proces are hycricizec with the analyte. 

When the first and second polynucleotide probes are rendered contiguous wnen hybridizes with the 
analyte sequence, the first and second probes are then covalently attached. One method of achieving 
covalent attachment cf the first and second polynucleotide probes is to employ enzymatic means. 
Preferably the meoium containing the first and second polynucleotide probes hybridized with the analyte 
*s secuence can be treated with a ligase. ^'nicn catalyzes the formation of a phospheciester bend between the 
5 end of one prooe and the 3 end cf the other. 

Any enzyme caoahle of catalyzing the reaction of the polynucleotide 3 -hydroxy! group can be 
emoioyed. Examples! by way of illustration and not limitation, of such enzymes are polynucleotide ligases 



from 
so like 



n any source such as 5. coli bacterial ligase. T4 phage DMA ligase. mammalian ON A ligase. and the 
. The pH, temperature, soivent. anc time considerations will be simiiar to those described above for the 
method of the invention. 

Another means for achieving the covalent attachment of the first and second polynucleotide proces 
when the probes are hybridized to non-contiguous portions of the analyte sequence involves the use or a 
nucleotide sequence that is sufficiently complementary to the non-contiguous portion of the analyte 
55 secuence lying between the first and second nucleotide probes. Far purposes of this description sucn a 
nucleotide seauence will be referred to as an intervening linker sequence. The linker sequence can oe 
prepared by known methods such as those described above for the preparation, for example, of the .irs. 
ana second poiynucleotice orobes. The linker sequence can be hybridized to the analyte sequenc- 
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between the first and second polynucleotide probes. The linker sequence can then be ligated to both the 
first and second polynucleotide probes utilizing enzymatic means as referred to above. It is also possible to 
utilize combinations of linker sequences and polymerase to achieve a contiguous relationship between the 
first and second polynucleotide probes when these sequences are bound to the anaiyte. "---^ 

s Following ligation of the first and second polynucleotide probes when these probes are hybridized with 
the polynucleotide anaiyte, the hybridized polynucleotides are dissociated. Because each of the probes 
contains a flanking sequence that is potentially hybridizable with a flanking sequence in the other, the single 
stranded polynucleotide also contains these sequences. Multiple copies of the single stranded poly- 
nucleotide resulting from the ligated probes are then prepared. In one approach multiple copies of the 

to single stranded polynucleotide are obtained by the procedures described above using a single poly- 

nucleotiae primer, in another approach multiple copies of the single stranded polynucleotide are obtained , 
by using the double primer technique described in U.S. Patent Nos. 4,683.195 and 4,683.202. the 
disclosures of which are incorporated herein by reference. In still another approach amplification can be 
achieved as described in U.S. Patent Application Serial No. 076,807 filed July 23, 1987. the disclosure of 

is which is incorporated herein reference (see also the equivalent European Patent Applicant No. 88306717.5). 
It will be appreciated by those skilled in the art that other methods of forming multiple copies can be used 
in the present invention for detection of an anaiyte. 

Detection of Ehe first flanking sequence linked to the second flanking sequence or the detection of the 
single stranded polynucleotide or its complementary sequence indicates the presence of the polynucleotide 

20 anaiyte in the sample. 

An example of the determination of a polynucleotide anaiyte is illustrated, by way of example and not 
limitation, in Scheme 2 (Figure 5). 



25 

\ 

30 



35 



40 



^5 



50 



55 



I* 




\ 




\ 

4S 



The polynucleotide analyte is represented in VII wherein two polynucleotide probes are hybridized to a 
portion of the target analyte. The probes respectively contain sequences 2a and 2b that are at least partially 
complementary to one another. Molecule VII is treated to render the probes iigatable and to ligate the 
probes. This can be accomplished as described above and is depicted as molecule VIII in Scheme 2 
(Figure 5). Dissociation of VIII yields molecule IX, which is a single stranded polynucleotide having two at 
least partially complementary sequences. 2a and 2b. As can be seen, molecule IX is similar to moiecuie II 
in Scheme 1 {Figure 4) and can be combined with a polynucleotide primer 2c, which hybridizes with 
sequence 2b of molecule IX to give moiecuie X. Chain extension of primer 2c as described above yields 
moiecuie XI." Dissociation of XI followed by hybridization with primer 2c and chain extension yields multiple 
copies of moiecuie IX or a sequence complementary thereto. The single stranded polynucleotide ts 
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Any standard method for specifically detecting double strand nucleic acid sequences can be used. 
One method for detecting nucleic acids is to employ nucleic acid probes. This method ' generally 
involves immobilization of the target nucleic acid on a solid support such as nitrocellulose paper, cellulose 
paper, diazofeed paper, or a nylon membrane. After the target nucleic acid is fixed on the support, the 

40 support is contacted with a suitably labelled probe nucleic acid for about ten minutes" to forty-eight hours. 
After the above time period, the solid support is washed several times to remove unbound probe and the 
hybridized material is detected by autoradiography or spectroscopic methods. 

One method utilizing probes is described in U.S. Patent Application Serial No. 773,386, filed September 
6, 1985. the disclosure of which is incorporated herein by reference (see also the equivalent European 

45 Patent Application No. S6306360.7). The method comprises combining in an assay medium the sample and 
first and second polynucleotide reagents complementary to the nucleic acid fragment. Each of the first and 
second reagents hybridize with a different region of nucleic acid fragment. The first reagent contains means 
for rendering the first reagent non-covalently pciymerizable. The second reagent contains means for 
rendering the second reagent detectable. The sample and the first and second reagents are combined in 

5 0 the assay medium under conditions for polymerizing the first reagent wherein the second reagent becomes 
bound to the polymerized first reagent only when the ONA fragment is present in the sample. A 
determination is then made as to whether the second reagent has become bound to the polymerized first 
reagent 

In order to separate the single stranded polynucleotide from other components in an assay mixture 
55 containing a sample it can be desirable, and indeed preferable in some circumstances, that the first or 
second polynucleotide probe or the single stranded polynucleotide has. or is capable of having, means for 
immobilizing the sequence. Generally, this means for immobilizing involves a support. The sequence in 
question can be treated to bind the sequence to a support prior to the use of this sequence in the method 



amplification, a mixture of duplexes is obtained (See Scheme 3 (Figure 6)), some having ligand at both 
ends, seme having detectable label at both ends, and some having ligand at one end and detectable label 
at the other. The ratios of the products can be modified by varying the ratio of the two differently labeled 
primers. The duplexes can be detected by causing the molecule to bind to a surface to which is bound a 

5 receptor for the ligand. Duplexes containing the two primer labels that are shorter than the sincle stranded 
polynucleotide with its first and second flanking sequences can be prevented from binding by using 
conditions that are stringent enough to dissociate only these shorter duplexes. After removal of unbound 
material, the support is examined for the presence of a detectable label. The presence thereof indicating the 
presence of polynucleotide analyte in the sample. 

iq In another approach, the internally hybndtzable sequences can be selected because a synthetic or 
natural receptor exists that can bind to the hybridised sequences. The sequences will usually be introduced 
by including them between the target polynucleotide binding sequence and a flanking sequence of a 
polynucleotide prcbe or the single stranded polynucleotide. Alternatively, they can be introduced as labels 
at the 5 -ena of a ponicn of the polynucleotide primer molecules. The tetracycline represser is such a 

;s receptor. This protein binds to the tetracycline operator and the hybridized sequences can be selected to 
comprise some or all of this cperatcr. The repressor is bound to a solid support and used to absorb and 
concentrate the amplification product from the amplification reaction solution. The bound product can then 
be detected by staining with a dye such as acridinium orange, by changes in a physical property of the 
adsorbent such as electrical properties, optical properties, acoustic wave modulation, and the like, or by 

20 aetecting the presence of a label bound to another portion of the polynucleotide primer molecules. 

Other operator-represser pairs can be used including, for example, the lac represser and ooerator which 
have been used as a tigand and receptor for capture of DNA duplexes and the tryptophane reoressor and 
operator. 

In another approach bromodeoxyuridine can be incorporated into a portion of the polynucleotide primer 

25 molecules and anricodies to bromodeoxyuridine can be employed. Detection of the bound sequence can be 
accomplished by any of the above methods. 

In a preferable approach for detection of the single stranded polynucleotide, the poiynucleotides are 
simultaneously or sequentially denatured by heating or use of denaturing solvents and solutes and caused 
to bind to a support by, for example, one of the above methods. The support is then contacted with a probe 

30 comprisec of a nucleic acid sequence and a label or receptor binding site. The nucleic acia sequence is 
complementary to at least the portion of the single stranded polynucleotide that was ligated, or its 
complementary sequence. The presence of the single stranded polynucleotide is then indicated by the 
presence of the lace! or receptor binding site cn the support 

In another assay format (as depicted in Scheme 4 (Figure 7)), the single strand polynucleotide 

35 containing the internally hybridizabie sequences 3a and 3b can be used as a label, in this method, any 
means, such as formation of a DNA sandwich, can be used to cause a labeled nucleic acia strand to bind to 
a surface. In the sandwich method, two probes are used that can bind to a target anaiyte. One of these 
probes is bound or can be caused to bind to a sciid surface, for example, by the use of legand-receptor 
binding, such as biotin-avidin. The other probe carries the single stranded polynucleotide as a label. After 

40 (1) hybridization of the probes with the target polynucleotide sequence, (2) binding of the- complex to the 
surface when one of the probes is not already bound, and (3) washing of the surface, the single stranded 
polynucleotide is caused to initiate the present amplification process and the products are detected by any 
convenient method of detecting specific polynucleotide sequences, including the above described methods 
for detecting the single stranded polynucleotide. 

4S 
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Any standard method for specifically detecting double strand nucfeic acid sequences can be used. 

One method for detecting nucleic acids is to employ nucleic acid probes. This method * generally 
involves immobilization of the target nucleic acid on a solid support such as nitrocellulose paper, cellulose 
paper, diazotized paper, or a nylon membrane. After the target nucleic acid is fixed on the support, the 
support is contacted with a suitably labelled probe nucleic acid for about ten minutes" to forty-eight hours. 
After the above time period, the solid support is washed several times to remove unbound probe and the 
hybridized material is detected by autoradiography or spectroscopic methods. 

One method utilizing probes is described in U.S. Patent Application Serial No. 773,386, filed September 
6, 1985. the disclosure of which is incorporated herein by reference (see also the equivalent European 
Patent Application No. 86306860.7). The method comprises combining in an assay medium the sample and 
first and second polynucleotide reagents complementary to the nucleic acid fragment. Each of the first and 
second reagents hybridize with a different region of nucleic acid fragment. The first reagent contains means 
for rendering the first reagent non-covalently pclymerizable. The second reagent contains means for 
rendering the second reagent detectable. Tne sample and the first and second reagents are combined in 
the assay medium under conditions for polymerizing the first reagent wherein the second reagent becomes 
bound to the polymerized first reagent only when the DNA fragment is present in the sample. A 
determination is then made as to whether the second reagent has become bound to the polymerized first 
reagent. 

In order to separate the single stranded polynucleotide from other components in an assay mixture 
containing a sample it can be desirable, and indeed preferable in some circumstances, that the first or 
second polynucleotide probe or the single stranded polynucleotide has. or is capable of having, means for 
immobilizing the sequence. Generally, this means for immobilizing involves a support. The sequence in 
question can be treated to bind the sequence to a support prior to the use of this sequence in the method 



^. w .w ^. ww^*u nivciKMi. ^^.icjuui meaiuca are Known for binding nucleotide sequences to solid supoarts 
For example see T. Gctdkom et ai.. Nucleic Acids Research (1965) 1^:9171-9191 and the references 
contained therein. Generally, the procedures for attaching the nucieotice sequence to supports involve 
chemical modifications of 5cme of the nucleotides in the sequence whereby the sequence can then be 
attached to the support. Preferably, the bond between the support and the nucleotide sequence wiii be 
covaient. more preferably involving a linking group between the nucleotide sequence the support. For 
example, the support can be treated to introduce maleimide groups and the nucleotide sequence can be 
treated to introduce a thiol group. The thiol group is reactive with the activated olefin of the maleimide 
croup and in such a fashion the nucleotide sequence can be ccvalently bound to the support. Examples of 
other such linking groups are cellulose dehvatizec with diazcbenzyloxymethyl croups as described by 
Noyes. B. E. and Start. G. =L Cell 5. 301 (1975) and Alwine, J. C. et aL Free. Natl. Acad. Sci.. U.S.A. 74. 
5350 (1977), anc cellulose derivative with o-aminophenylthioether, such as cesenced by Sesc. 3., Nucfeic 
Acids Res. . 10. 1799 (1952). 

if cne nucleotide sacuenca is net initiaily bound to a support, it may be desirable that one of the two 
sequences become bound :o a support at some time during the method of the invention, preferably, prior to 
the determination of whetner the firs: and second target polynucleotide binding sequences have become 
covalently attached as a result of the zresencs of the polynucleotide anaiyte. Accordingly, the support and 
one of the nucleotide secuences must contain reactive groups which can provide a linkage between the 
support and the nucleotide sequence. The nature of the reactive groups will be such as to be compatible 
with the method of the present invention. 

One such system is that described aoove where the support would contain maleimide groups and the 
nucleotide sequence wouic contain a thiol group, in another embodiment the nucleotide sequence and the 
suoport can contain complementary specific binding pair members such as oictin-avicin and -.he like. Thus, 
the method of the present invention can be run in solution and at ;he appropriate time the support can be 
introduced whereupon the complementary sop members will bind. After the support is washed, to remove 
unbound material, further reactions or determinations can be carried out. 

Other examples of such systems are represser-operator interactions where one of the nucleotide 
seauences is caotured at the solid surface by its sequence scecific interaction with a specific repressor or 
moaulator protein immobilized on the solid surface. An advantage of this embodiment of the capture phase 
is that in some cases release of the operator DNA from the repressor can be accomplished by treating the 
complex with an inducer molecule. For example, the tetracycline repressor may be immobilized on a solid 
surface so that an operator sequence present on one or the other of the nucleotide sequences is 
specifically captured and retained when the solution is contacted to the surface. The surface may then be 
wasnec to eliminate any non-specific binding ana finally the operator containing nucleotide may be released 
from the surface by contacting the repressor-operatcr complex Sound at the surface with an inducer 
molecuie (tetracycline or cne of its active analogs in thts case). 

The inducer' molecule may be the "natural mcucer' 1 in the sense that it is structurally identical with the 
molecule in nature that causes dissociation of the biological/regulator/ repressor-operaror complex or it may 
be a synthetic analog of the natural inducer with similar or ennanced binding and complex dissociation 
activity. Examples of the scove Include the tetracycline represser-operator interaction ana its dissociation 
by tetracycline such as described by Hillen. W.. et £ MoL BtoL, |69. 707-721 (1933) and Klock. G.. et 
aL. J. 6 act. . 161. 326-332 (1985). . . . 

~~ Tnlheli tuition where the nucleotide sequence is covalently attached to the support, it may be desiraote 
to remove the attached sequence from the support, such as. for example, in order to amplify or clone the 
sequence. In this situation it is desiracle to introduce a cieavabfe group between the nucleotide sequence 
and the suoport. Exemplar/ of such cieavabie groups are pyrophosphate linkages, disulfide linkages and 

restriction enzyme cleavage sites. 

After provision has been made for covalently attaching the first and second polynucleotide prooes wnen 
these sequences are hybridized with the polynucleotide anaiyte to produce a single stranded polynucleotide 
and after amplification of the single strnnced polynucleotide if present the- presence or covalently attacned 
first and second target polynucleotide binaing sequences is determined. The presence ot covaient 
attachment indicates the presence of the polynucleotide anaiyte in the sample. As mentioned above mis 
determination may involve a nucleotide sequence bound, or capable of becoming bound, to a support, me 
suoport is removed from the medium, washed free of unbound material, and then examined for the coupled 
first and second target polynucleotide binding sequences, for example, by detecting the presence of a laoei 
or a reporter grouo. Generally, this examination involves contacting the support with the remaining mincers 
of a signal producing system in order to produce a signal in relation to the presence of the target nucleotide 
sequence in the sample. 
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Oligomer 3 

5 

S' CAA TTA CAC AAG CTT AAT ACA TTC CTT CGA GCT CGG TAG CCG GGG ATC C 3' 
Second polynucleotide probe; 

TO 

Oligomer 4 

5' CTA GAG TCG ACC TGC AGG CAT GCA AGG AAT GTA TTA AGO TTG TGT AAT TG 3 

is 

Polynucleotide primer; 

20 Oligomer 5 

5' CAA TTA CAC AAG CTT AAT ACA TTC C 3' 



25 Oligomer 6 

5' CCG GGG ATC CTC TAG AGT CGA CC 3 



30 Oligomer 7 

5' CCG GGG ATC CCT AGA GTC GAC C 3 



35 Oligomer 3 

5' TCT AGA GTC GAC CTG CAG GCA TGC A 3 



<*a Oligomer 9 

5' TGC ATG CCT GCA GGT CGA CTC TAG A 3' 
were synthesized by the phosphorzmidite method and purified on denaturing polyacry (amide gels. The 27 
5 terminal bases and the 27 3' terminal bases of the lOOmer oligomer 1 are self-complementary and 

tf 5 therefore this molecule will form a "hairpin " or stern-loop structure. Oliaomers 2 and 4 represent the 5 50 
bases and 3 50 bases of oligomer 1, respectively. Oligomer 5 is complementary to the 3 terminal 25 
bases of oligomers 1 and 4. Oligomers 6 (7) will hybridize to the central 23 (22) bases of oligomer t. but 
oligomer 7 has a single base deletion (a thymidine residue). Oligomers 8 and 9 are complementary; 
oligomer 8 is identical to oligomer 1 from bases 50 to 74 of oligomer 1 , inclusive. 

50 A protocol for ONA amplification of oligomer 1 using oligomer 5 as the polynucleotide primer is 
described; variations of this protocol will be described in later examples. One picomole (pmole) of oligomer 
1 and 60 pmoles of oligomer 5 are combined in a buffer of 50 mM Tris-HC! (pH 3.4 @ 25 *C), 50 mM KCI, 
2.5 mM Mg Cl2, 0.2 mg/mL geiatin with 10 nanomoles (nmoles) each dNTP. Five units of Taq polymerase 
enzyme is added for a final volume of 50 microliters. Temperature cycling of 94* C (1 minute), 37 C (2 
55 minutes), and 72* C (3 minutes) is performed using a programmable thermal cycler (Ericomp. Inc.) for a 
number of cycles through the 3 temperatures. Aliquots from these reactions are withdrawn at various stages 
and dot-blotted onto GeneScreen Plus$ nylon membranes (Du Pont) using protocols recommended by the 
manufacturer. 



The polynucleotide primer can he prepared by standard automated tecnniques. 
- . As a matter of convenience, the reagents employed in the present invention can be provided in a kit in 
packaged combination with predetermined amounts of reagents for use in the present method. In assaying 
; for a polynucleotide anaiyte in a sample, a kit usafui in the present method can comprise in packaged 
combination with other reagents a polynucleotide primer and first and second polynucleotide probes, which 
can be labeled or one of which can be bound to a support or can be provided with groups to render the 
sequence labeled or bound to a support. For use in a method of producing multiple copies of a single 
stranded polynucleotide, the kit will contain a polynucleotide primer. Ether of the kite above can further 
jo include in the packaged combination nucleoside triphosphates such as deoxynucieostde triphosphates, e.g., 
deoxyadenosine triphosohate (dAT?), deoxyguancsine triphosphate (dGTP). deoxycytidine triphosphate 
(dCTP) and deoxythymicine triphoschate (gTTP). The kit can further include a polynucleotide polymerase 
and aiso means for covalently attaching the first and second sequences, such as a ligase, and members of 
a signal producing system. 

ts Trie relative amounts of the various reagents in the kits can be varied widely to provide for 
concentrations of the reagents which substantially optimize the reactions that need to occur during the 
present method and to further substantially optimize the sensitivity of the assay. Under appropriate 
circumstances one or more of the reagents in the kit can be provided as a dry powder, usually lyochiiizad. 
including excipients, which on dissolution will provide for a reagent solution having the appropriate 

20 concentrations for performing a method or assay in accordance with the present invention. Each reagent 
can be packaged in seoarate containers or some reagents can be combined in one container where 
reactivity and shelf life wiii permit. 

25 EXAMPLES 



The invention is demonstrated further by the fcilcwing illustrative examples. 



EXAMPLE 1 



as Single primer polynucleotide amplification of a single-stranded polynucleotide with flanking first and second 

camciemenFary secuencas (Oligomer U 



to Qtigodeoxyribonucieonde sequences 1. Z, 3. 4, 5. 3. 7. 8 & 9: 



Stngie-stranded polynucleotide with first and second flanking sequuences: . 



4S 



Oligomer t 

S CAA TTA CAC AAG CTT AAT ACA TTC CTT CGA GOT CGG TAG CCG GGG ATC CTC TAG AG' 
CGA CCT GCA GGC ATG CAA GGA ATG TAT TAA GCT TGT GTA ATT G 3 



50 



Rrst polynucleotide probe A; 



55 Oligomer 2 

g' CAA TTA CAC AAG CTT AAT ACA TTC CTT CGA GCT CGG TAC CCG GGG ATC CT3 



25 



First polynucleotide probe S; 
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v 



5 



10 



15 



Oligomer 3 

5' CAA TTA CAC AAG CTT AAT ACA T7C CTT CGA GCT CGG TAG CCG GGG ATC C 3' 



Second polynucleotide probe: 



Oligomer 4 

5' CTA GAG TCG ACC TGC AGG CAT GCA AGG AAT GTA TTA AGC TTG TGT AAT TG 3' 



Polynucleotide primer; 



20 Oligomer 5 

5' CAA TTA CAC AAG CTT AAT ACA TTC C 3' 



25 Oligomer 6 

S' CCG GGG ATC CTC TAG AGT CGA CC 3' 



30 Oligomer 7 

5' CCG GGG ATC CCT AGA GTC GAC C 3' 



05 Oligomer 8 

5' TCT AGA GTC GAC CTG CAG GCA TGC A 3' 



j o Oligomer 9 

# 

5' TGC ATG CCT GCA GGT CGA CTC TAG A 3' 
were synthesized by the phosphoramidite method and purified on denaturing polyacryiamide gels. The 27 
5' terminal bases and the 27 3' terminal bases of the 100mer oligomer 1 are selteomplementary^and 

<5 therefore this molecule will form a "hairpin" or stem-loop structure. Oligomers 2 and 4 represent the 5 50 
bases and 3' 50 bases of oligomer 1, respectively. Oligomer 5 is complementary to the 3 terminal 25 
bases of oligomers 1 and 4. Oligomers 6 (7) will hybridize to the central 23 (22) bases of oligomer 1. but 
oligomer 7 has a single base deletion (a thymidine residue). Oligomers 8 and 9 are complementary: 
oligomer 8 is identical to oligomer 1 from bases 50 to 74 of oligomer 1, inclusive. 

so A protocol for DNA amplification of oligomer l using oligomer 5 as the polynucleotide primer is 
described; variations of this protocol will be described in later examples. One picomoie (pmoie) of oligomer 
1 and 60 pmoies of oligomer 5 are combined in a buffer of 50 mM Tris-HCl (pH 8.4 @ 25" C). 50 mM KCi. 
2.5 mM Mg CI 2 . 0.2 mg/mL gelatin with 10 nanomoles (nmoles) each dNTP. Five units of Taq polymerase 
enzyme is added for a final volume of 50 microliters. Temperature cycling of 94* C (1 minutej. 37 C (2 

=5 minutes), and 72 "C (3 minutes) is performed using a programmable thermal cycler (Ericomp. Inc.) for a 
number of cycles through the 3 temperatures. Aliquots from these reactions are withdrawn at various stages 
and dot-blotted onto GeneScreen PfusS nylon membranes (Du Pont) using protocols recommended by the 
manufacturer. 



HC! (pH 3.0), 10 mM EDTA, 5X Oenhardt's solution (1g Rcoll. ig polyvinyl pyrroiidone, ig BSa in a total 
vol 1000 ml HaO), 20 mM sodium phosphate, 250 mg/mL sheared denatured caif thymus ONA, and 0.5Vo 
SOS. In order to assay for the' formation of amplified oligomer 1, 320 5' end-labeled oligodeoxynucleotide 
probe (-1Q 7 OPM, 100-1000 Ci/mmole) is added with fresh prehybridization solution and hybridized 
overnight with gentle agitarion at SO C. The hybridized membranes are typically washed in a buffer of 0.3 
M NaCI, 0.06 M Tris-HCI (pH 8.0), 4 mM EDTA, and 0.5% SOS at 60 ' C for 30 minutes with one change of 
wash buffer. Washed membranes are exposed to Kodak X-Omat<2> AH film for varying lengths of time, 
sometimes with a single intensifying screen (Ou Pont Cronex<3> Lightning-Plus).* 

Figure 1 shows the results of amplification of 1 pmoie of oligomer 1 in the presence of 6Q pmoles of 
polynucleotide primer, oligomer 5. The probe in this case is oligomer 5 and the standards (Lane A, 1-10) 
are varying amounts of oligomer 1. No detectable hyoridization occurs if oligomer 5 is left out of the 
amplication reaction. A small amount of amplification of oligomer 5 is detected when oligomer 1 is not 
added. 

This bict was stripped cf radioactive probe by washing for 10 minutes at room temperature in 0.4 N 
NaOH and neutraiizing in 1 M Tris-HCI (pH 7.5), 0.3 M NaCI, 4 mM EDTA. Tne membrane was then 
hybridized to 5' 323 -iabeied oligomer 9 (see Fig. 2). In this case, amplification is detected in the reaction 
containing both oligomers 1 and 5 and not in those containing either 1 or 5 separately. 



Faure 1 



Oot-btot hybridization of :2 P oligomer 5 to single primer polynucleotide amplification products 



Row A. Lanes 1-10 - Standards of 1.3. 0,9. 0.454, 0.18. 0.09. 0.045. 0.018. 0.009. 0.0045. 0.0018 nmoies 
Oligomer 

Row A. Lane 1 1 - Negative control of 1 tig sheared, denatured calf thymus ONA. 

Row 6^ Lanes"?- n - Five ill aiiquots from the 10. 20. 30. 40. and 50th temperature cycle of amplification 
reaction containinG 60 pmoles of oligomer 5 with no oligomer 1. Note some hybridization of products from 
cycle 50 to the oligomer 5 erode. 

flow C. Lanes 1-5 • 5 ul aiicuots from the 10. 20. 30. 40 and 50th cycle containing oligomer 1 only (1 
pmole>7 Note absence of detectable amplification product. 

Row C. Lanes 7-11 - 5 llL aiiquots from the 10. 20. 30. 40. and 50th cycle containing both oligomers 1 and 
5. Amplification exceeds 2000-fold (I pmole to >1.3 nmoies): 

Ficure 2 



Cct-blot hybridization of :2 P oligomer 9 to single primer polynucleotide amplification products 

The blot in Figure 1 was stripped of hybridized 32 P oligomer 5 and hybridized to 3 £ oligomer 9 probe. 
Results are essentially as in Figure 1 except that hybridization in row 8. lanes 7-11. cannot be detected with 
this probe. 

EXAMPLE 2 



Single primer polynucleotide amplification of cloned ONA from Neisseria gonorrhoeae 



27 



EP 0 379 369 A2 



Oligodeoxyribonucieotide sequences 1, 2. 3, 4, 5: 



Single-stranded polynucleotide target; 



Oligomer 1 

5' ACT TGG GCT ATC ACT TCC CTG AAC CGC GTG CTT TTA CTA ATA GAG AAC GAG CAA GGC 
10 TTC AAA GTT TTC CTG ATG ATT TTG AGT TTG TCG GAT CAA CAA CTG AAG T 3' 



First polynucleotide substrate; 

.75 

Oligomer 2 

5' ACG GTT CCA TCA AAA GGG GGG AAT TCA CTT TTC TCT ATC ACT GAT AGG GAG TGG TAA 
AAT AAC TCT ATC AAT GAT AGA GAC TTC AGT TGT TGA TCC GAC TTC GAA GAG C 

20 

Second polynucleotide substrate; 



25 Oligomer 3 

S ACG GTT CCA TCA AAA GGG GGG AAT TCT GTG TGG AAT TGT GAG CGG ATA ACA ATT TCA 
CAC AAC TTG GGC TAT CAC TTC CCT GGA TCC CCA T 3' 

Polynucleotide primer; 



35 



4Q 



Oliaomer 4 ^ 
5' ACG GTT CCA TCA AAA GGG GG 



Polynucleotide probe; 



Oligomer 5 

5' TAA TAG AGA ACG AGC AAG GCT TCA A 3' 

<s Oligomer 1 is one strand of a double-stranged flsa I restriction fragment from a N. gonorrhoeae (N. g.) 
genomic clone. The total cloned ONA insert represents a 7 kilobase (Kb) Sau 3A[ restriction fragment 
originating from N.g. strain 125 (obtained from C.O.C. (Center for Disease Control), Atlanta, USA). This 7 Kb 
fragment was inserted into Bam HI linearized vector pGEM 3Zf ( + ) from Promega Biotech. 

"The 3' terminal twenty ~base~or Oligomer 1 hybridizes to bases number 80-99, inclusive, of oligomer 2 

50 (see Scheme 5.A (Figure 8A)). This forms a primed substrate for DNA polymerization upon the oligomer 2 
template from the 3' terminus of oligomer 1 ( catalyzed by Taq polymerase. The 185-base long product of 
this polymerization, when rendered single-stranded by the thermal denaturaticn, base pairs with its 3 
terminal twenty bases to oligomer 4 (Scheme 5.B (Figure 8.B)). This is a substrate for Taq polymerase 
which polymerizes upon the primed 185-base template to form a complementary strand product of 185 

ss bases. 

The denatured product of the preceding polymerization has twenty bases at its 3 terminus which 
hybridizes to oligomer 3 at nucleotides 62-81. inclusive, and therefore is a substrate for Taq polymerase to 
extend 61 bases upon the oligomer 3 template (Scheme 5.C (Fgure 8.C)). Tne product, when thermally 



denatured, produced 246-base long polynucleotide 6 of Scheme 5 (Figure 8). 

Polynucleotide 6 rcrms a stem-loop structure with a stem of 20 base pairs of complementary secuencs 
at the 5' and 3 termini. It follows that the complement of 5 also forms a stem-loop structure. 8oth 6 and it: 
complement hybridizes to primer oligomer 4 at their respective 3 terminus, providing a substrate fcr Tar 
polymerase and thereby allowing single primer polynucleotide amplification of the type described ir 
Example i. To summarize, the presence of oligomer 1 has allowed, by alternative polymerase extension cr 
primed templates and thermal denaturation, the "linking" of sequences complementary to oligomers 2 anc 
3 forming poiynucieocide 5. 

The following experiment is an example of this technology. Five assays were performed containing the 
following components: 



Assay 


10 X 


dATP dCT? 


Oligomer 


Oligomer 2 


Cliccmer 3 


HSA 1 Digest of N. 


5 Units TAG 


No. 


Suffer 


dGTP qttp 


4 






c. Genomic Clone 

■ 


Polymerase 






(nmoles) 












- 

1 




100 ea. 


18 pmoles 


20 pmoles 


20 pmoles 


None 




2 




100 ea. 


13 omoies 


20 omoies 

• 


20 pmoles 


25 fmoies 




3 


+ 


100 ea. 


18 omoies 

* 


200 fmoies 


200 fmoies 


25 fmoies 




4 




1 00 ea. 


18 pmoles 


2 fmoies 


2 fmoies 


25-fmoles 




5 




1 00 ea. 


18 pmoles 


20 pmoles 


20 pmoles 


25 amcles 





Ten tines (1C X) buffer is 0.1 M Tris-HCi, pH BA (at 25* C), 0.5 M KCK 60 mM MgCi z , 2 mg/mL gelatin. 
Final volume of assay was 100 uL All components, except Tac polymerase, were added to eppenccr 
tubes, overlaid with 50 uL mineral cii and heated 95* C for 3 minutes. Tubes were then aiiowed to slow cool 
over 30 minutes to less tfta 50 * C. Five unites of Tag polymerase were then added and thermal cycling was 
begun in an EnlCCMP thermal block: 24' C for 30 sec, 50* C for 30 sec. 72* C fcr 2 min, then recentrcn :r 
this three-temperature regimen (1 cycle). Ten microliter aiiquots of these five assays were withdrawn at 20. 
40. and SO cycles and frozen. 

rive microliters of the frozen aiiquots were thawed and analyzed by dot-blotting onto Genescrsen 
PlusTM nylon rrembranes (DuPont) using prctocois recommended by the manufacturer.. The blots were 
processed as cescribed in Example 1. The :2 ?-kinased probe oligomer 5 (1C0 -1CC0 Ci/mmole. -t0 7 cpm) 
was used to hycricize to the dot biot. Oligomer 5 is identical to bases 38-62. inclusive, of the targe: 
oligomer 1. 

The biot in ."cure 3 demonstrates mat by 30 temperature cycles, all assays containing targec ON A had 
greater than 25 fmoles/5 aL of ONA hybridtzable to the probe. In dot blot 5E. this represents an 
amplification cf 5 x 10"'* moles hyoridizaole sequence to >25 x 10~ ,s moles hybndizabie sequence, cr 
about a 5 x i0 3 -fcic amplification. 
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Figure 3 Legend 



Dot-blot hybridization of 32 P oligomer 5 to amp lification products of assays 1-5 



Row A, Lanes t-4 - bcancarus ji ^ r u.cj, Cilu v . .. 
Row c! Lanes ~ - Five microliter aliquots of 20th temperature cycle of assays 1 -5, respectively. 
Row 0. Lanes 1-5 - five microliter altcucts of 40th temperature cycle of assays 1-5, respectively. 
Row £, Lanes 1-5 - Five microliter aliquots of 60th temperature cycle of assays 1-5, respectively. 



Claims 



1. A method cf producing at least one copy of a single stranded polynucleotide which comprises: 

to (a) forming in tfie presence of nucleoside triphosphates and template dependent polynucleotide 

polymerase along a single stranded polynucleotide an extension of a polynucleotide primer at least the 3 - 
end of which has at least a 10 case sequence hybridizable with a second flanking sequence connected to 
the 3 -end of said single stranded polynucleotide, said second flanking sequence being at (east partially 
complementary with at leas: a 10 base Ursi flanking sequence connected to the 5 end of said single 
15 stranded polynucleotide; 

(b) associating said extended polynucleotide primer and said single stranded polynucleotide; and 
{c> repeating steo a. 

2. The method cf Claim 1 wherein the last 10 nucleotides of the 3 -end of said polynucleotide primer 
are in the same sequence as said second flanking sequence. 

20 3. The methoQ of Claim i and 2 therein the product formed after repeating step (a) contains an 
inverred repeat, 

4. The method of Claim T , 2 or 3 wherein said hybridizabie sequence of said polynucleotide primer is 
15 to 100 nucleotides in length. 

5. The method of Claim 1. 2, 3 or 4 wherein said template-dependent polynucleotide polymerase is a 
25 DNA polymerase and saic nucleoside triphosphates are dATP, dGTP, aCTP, ana aTTP. 

6. A mechod according to any one of the Claims 1-5. for producing multiple copies of a polynucleotide 
sequence, which comprises: 

(a) providing in combination (l) a single stranded polynucleotide having said polynucleotide se- 
quence and being fisnkec at each end by at least partially complementary first and second flanking 

:o sequences. 12) a polynucleotide primer at least a 10 base portion of which at its 3 -end is hybridizable to 
that memoer of saic first ana seccnd flanking sequences that is at the 3 -end of sad single stranded 
polynucleotide, (3) nucleoside triphosohates. (4) template dependant polynucleotide polymerase and 

(b) incubating sate combination under conditions for either wnolly or partially sequentially cr 
concomitantly (1) dissociating said single stranded polynucleotide from any complementary sequences, (2) 

rs hybridizing said poiy nucleotide enmer with the flanking sequence at the 3 end of said single stranded 
polynucleotide. (3) extending said polynucleotide primer along said singie stranded polynucleotide to 
provide a first extenced polynucleotide primer. (4) dissociating said first extenaec polynucleotide pnmer 
and said singie stranded polynucleotide, (5) hybridising said first extended polynucleotide primer with said 
polynucleotide primer, (6) extending said polynucleotide primer along said first extended pclynucieotice 

o primer to provide a second extended polynucleotide primer, (7) dissociating sad second extended 
polynucleotide primer from said first extended polynucleotide primer, ana (8) repeating steps (5) - (7) 
above. 

7. The method of Claim 5 wherein said first and second sequences are complementary. 

8. A method for determining the presence of a polynucleotide analyte in a sample suspected of 
s containing said analyte. which comprises the steps of: 

a) forming as a result of the presence of said analyte a single stranded polynucleotide flanked try 
complementary first and second flanking sequences, 

(b) forming muitipie copies of said singie stranded pofynucfeotiae and said flanking sequences, anc 

(c) detecting said singie stranded polynucleotide. 

3 9. The method of Claim 8 wherein said first and second Hanking sequences are comprised or 

complementary sequences of at least 10 bases. ■"-**- 

10. A method accorcing to Clam 8 or 9 for determining the presence of a polynucleotide analyte in a 

sample suspected of containing said analyte, which comprises the steps on 

(a) forming as a result of the presence of said anaiyte a singie stranded polynucleotide flanked by at least 
? 80% complementary first and second flanking sequences, each comprised of at least 15 bases, 

(b) forming in the presence of nucleoside triphosphates and template dependent polynucleotide polymerase 
an extension of a polynucleotide primer at (east the Z -end of which can hybridize with the Harming 
sequence at the 3 -end of said singie stranded polynucleotide sequence. 
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wherein steps (a) and (b) can be performed wholly or partially sequentially or concomitantly, and 

(c) detecting extended polynucleotide primer containing a sequence identical to and/or complementary with 

said polynucleotide sequence. 

1 1 . The method of Claim 10 wherein a portion of said polynucleotide primer is labeled with one reporter 
5 group and a portion is labeled with a second reporter group. 

12. A method according to any one of Claims 8-11 for determining the presence of a polynucleotide 
anaiyte in a sample suspected of containing said anaiyte, which comprises: 

(a) contacting said sample with first and second polynucleotide probes, said first probe comprising a 
target polynucleotide binding sequence at its 3 -end complementary to a first portion of one strand of said 

10 anaiyte and a first flanking sequence and said second probe comprising a target polynucleotide binding 
sequence at its 5 end complementary to a second portion of the same strand of sad anaiyte and a second 
flanking sequence wherein said first and second flanking sequences are at least 65% complementary, 
under conditions for binding of said first and second probes with said anaiyte, 

(b) providing conditions for ligating said first and second polynucleotide probes to one another only 
75 when bound to said anaiyte, 

(c) forming in the presence of nucleoside triphosphates and template dependent polynucleotide 
polymerase an extension of a polynucleotide primer at least the 3 -end of which can hybridize with said 
second Hanking sequence, and 

(d) detecting extended polynucleotide primer containing a sequence complementary to said first 

20 probe. 

13. The method of Claim 12 wherein said polynucleotide primer is labeled with a reporter group 
selected from the group consisting of, fluorescers, chemiiuminescers, catalysts, co-enzymes, radioactive 
substances, amplifiable polynucleotide sequences, and small organic molecules. 

K. The method of Claim 12 or 13 wherein said first and second polynucleotide probes when hybridized 
25 with said anaiyte are at least one nucleotide apart and conditions for ligating said first and second 
polynucleotide probes include 

(a) adding nucleotide triphosphates and a polynucleotide polymerase to render the hybridized 

portions contiguous and 

(b) adding ligase to ligate said hybridized portions. 

30 15. A method according to Claim 8 for detecting the presence of a polynucleotide anaiyte in a sample 
suspected of containing said anaiyte, which comprises the steps of: 

(a) ligating third and fourth sequences of a polynucleotide probe, said third sequence having a free 3 -end 
and said fourth sequence having a free s'-end and each being hybridizable to separate portions of said 
anaiyte and ligatabie, or capable of being rendered ligatable, only in the presence of said anaiyte, said 
polynucleotide probe further comprising at least partially complementary first and second flanking se- 
quences, wherein said first seouence is 5 of said third sequence, said second sequence is 5 of said first 
sequence and said fourth sequence is 5 of said second sequence. 

(b) forming in the presence of nucleoside triphosphates and template dependent polynucleotide polymerase 
an extension of a polynucleotide primer at least the 3 -end of which can hybridize with said first flanking 
sequence of said polynucleotide probe, 

wherein steps (a) and (b) are performed wholly or partially sequentially or concomitantly and. 
aetecting extended polynucleotide primer and/or a sequence identical to and/or complementary with at least 
that portion of said ligated third or fourth sequences complementary to said separate portions of said 
anaiyte. - 

16. The method of Claim 15 wherein said probe contains an operator sequence. ,,- . 

1 7. A method according to Claim 9, for determining the presence of a polynucleotide anaiyte in a 
sample suspected of containing said anaiyte, which comprises: 

(a) combining in an assay medium said sample with first and second polynucleotide probes, said first probe 
comprising a first flanking sequence at least partially complementary with a second flanking sequence in 
said seccnd probe and attached at its 3'-end to a sequence hybridizable with a first portion of one strand of 
said anaiyte wherein* said second flanking sequence is attached at its s'-end to a sequence hybridizable 
with a second portion of said strand of said anaiyte, : - ' - -"v-;: -.*^T^r " 

(b) incubating said assay medium under conditions for binding of said first and second probes with said 
anaiyte. said first and second probes being ligatable. or capable of being rendered ligatable, to one another 
only when bound to said anaiyte. 

(c) ligating said first and second probes with the proviso that, if necessary, where they are not otherwise 
ligatabie. said first and second probes are rendered ligatable. 

(d) comoining said assay medium with a polynucleotide primer having a 3' terminal sequence complemen- 



tary to saio secor.G nanKinu ac^uenca m saiG second pecioe. 

(e) incubating said assay medium under conditions for either wholly or partially sequentially or concomi- 

g said 
primer 

... primer 
and said Iigated first and second probes. (5) hybridizing said extended polynucleotide primer with said 

polynucleotide primer, (6) extending said polynucleotide primer along said extended polynucleotide primer, 

(7) dissociating said hybridized extended primer, and (8) repeating steps (5) - (7) above, 

wherein steps (a)-(c) are corned out wholly on partially sequentially or concomitantly followed by step .(e), 

to and . 

(f) detecting said extended primer. 

13. The method of Claim 17 wherein separa-e molecules of polynucleotide primer are labelled with a 
group cacabie of becoming ccund to a surface. 

19. The methcc or Cairn 17 or 13 herein said extending of said polynucleotide primer along said 
is iigated first and second probes forms at !eas: part of an operator and said detecting includes: 

. (a) adding a repressor bound to a solid support and 

(b) detecting a sequence bound to said solid support that is identical or complementary to a 
sequence in said first polynucleotide probe. 

20. A method according to Claim 3 for determining the presence of a polynucleotide analyte in a 
20 sample suspected of containing said analyte, which comprises: 

(a) contacting said sample with first and second polynucleotide prcbes. said first probe comprising (1) a first 
flanking secuence complementary to a second flanking sequence in said second probe and (2) a sequence 
complementary to a portion of said anaiyte other than a portion complementary to said seczr.c probe under 
conditions for bincinc of said first and second prcbes with said analyte. said first and second probes being 

25 figatacie. or capable of being rendered beatable, to one another only when bound to said anaiyte. 

(b) forming in the presence of nucieosice triphosphates and temciaie dependent polynucleotide polymerase 
an extension of a polynucleotide primer at least a portion of which is hybridized with said first or said 
second probe, 

wherein steos (a) and (b) are carried out wholly or partially sequentially or concomitantly and 
30 detecttna said extsnced polynucleotide primer and/cr Iigated first and second polynucleotide probes. 

21- A kit for use in determining a polynucleotide analyte. which comprises in packaged ccmcination: 
a first polynucleotide crc'os having a first nucleotide sequence caoable of hybridizing to a first portion of 
said polynucleotide anaiyte. 

a second polynucleotide probe having a second nucleotide secuence caoable of hybridizing to a second 
5 portion of the same strand of said polynucleotide anaiyte other than with the portion recognized by said first 
nucleotide secuence of said first poiynucteotide probe, 

means for covalently attaching said first and second polynucleotide sequences when said nrsi and second 
polynucleotide prcbes are hybridized with said polynucleotide anaiyte, and 

a polynucleotide primer cacaole of hybridizing with said second polynucleotide probe and of being 
o extended aiong said covalently attached prooes in the direction of said first polynucleotide probe. 

22. A method of detecting the presence of a polynucleotide anaiyte in a sample suSDectec of containing 
said anaiyte. according to Claim 8, which comprises as step (a) of Claim 8 the steps on 

(i) forming in the oresence of nucleoside triphosphates and template dependent polynucleotide polymerase 
aiong a first single stranded polynucleotide an extension of said anaiyte or a fragment thereof (extended 

5 polynucleotide anaiyte) to form double-stranded polynucleotide 1. 

(ii) dissociating sincle stranced extended polynucleotide anaiyte from said polynucleotide 1. 

(iii) formina in the" presence of nucleoside tnphosphates and template dependent polynucleoside poly- 
merase atana saic sincie stranded extended polynucleotide anaiyte an extension of a first polynucleotide 
primer at least the 3'-end of which has at least a 10 base sequence hybridizable with at least a portion or 

j said single stranded extended polynucleotide anaiyte to form double stranded polynucleotide Z 

(iv) dissociatina sincle stranded extended first polynucleotide primer from said polynucleotide 2. 

(v) forming in the oresence of nucleoside tnphosphates and template dependent polynucleotide polymerase 
along a second polynucleotide primer an extension of said single stranded extended first polynucleotide 
primer wherein at least the 3'-end of said second polynucleotide primer has at least a 10 base sequence 

? hybridizaole with at least a portion of said single stranded extended first polynucleotide pnmer to Jocm 
double stranded poivnucieotiae 3. wherein the 3^nd and the 5 -end of single stranded twice extended flrst 
polynucleotide primer each have seauences of 10 bases which sequences are at least partially complemen- 
tary, and 
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(vi) dissociating said single stranded twice extended first polynucleotide primer from said polynucleotide 3; 
and as step (b) of Claim 8, the steps on 

(i) forming in the presence of nucleoside triphosphates and template dependent polynucleotide polymerase 
along said single stranded twice extended first polynucleotide primer an extension of said first poly- 
nucleotide primer to form double stranded polynucleotide 4, 

(ii) dissociating single stranded extended first polynucleotide primer from polynucleotide 4, and 
iii) repeating step (i). 
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Fig. 2 
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Fig. 3 
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Scheme 




Scheme 3 
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SCHEME 5 

Outline for method for t arget dependent formation 
of hair-pin molec ule substrate capable of g^yia 

i if ication. 
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© A method is disclosed for determining the pres- 
ence of a polynucleotide anaivte in a samoie sus- 
peered of containing the anaiyte. The method com- 
prises (a) forming as a result of the presence of an 
anaiyte a single stranded polynucleotide comprising 
a target polynucleotide binding sequence flanked by 
first and second colvnucieotice secuencss that differ 
from the sequence of the anaiyte or a sequence 
complementary to the anaiyte sequence, (b) forming 
multiple copies of the single stranded poly- 
nucleotide, and (c) detecting the single stranded 
polynucleotide. Also disclosed is a method of pro- 
ducing at least one copy of a single stranded poly- 
nucleotide. The method comprises (a) forming in the 
presence of nucleoside triphosphates and template 
cependent polynucleotide polymerase an extension 
of a polynucleotide primer at least the 3 -end of 



which has at least a 10 base sequence hyeridizaele 
with a second sequence flanking the 3 -end of the 
sinale stranded ooivnucleotide. the second se- 
quence being partially or fully complementary with at 
least a 10 base first sequence flanking the 5 end of 
the single stranded polynucleotide, (b) dissociating 
the extended polynucleotide primer and the single 
stranded polynucleotide, (c) repeating step a and (c) 
dissociating the extended polynucleotide primer and 
the copy of the single stranded polynucleotide. 
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